Supply-side economics, transitional dynamics and endogenous growth: further insights. by Leung, Wai-Leung. & Chinese University of Hong Kong Graduate School. Division of Economics.
Supply-side Economics, Transitional Dynamics and Endogenous 





The Division of Economies 
In partial fiilfilment 
of the Requirements for the Degree of 
Master of Philosophy (Economics) 
The Graduate School of 
The Chinese University of Hong Kong 
May 1999 
• ；‘ .. ‘ ：: . - : 、 ，• .. f ： , ’ •, 
：r '' ,
 ；
 * i * ” ** *： f ‘ .. ‘ . ‘ • ‘. ：
 1
 , • 
* , 4 • • ‘ • { ‘ ‘ - ‘ • ‘•"�. 




�…::::.:�m  11 I 
* •••• 
• / > » .r »• ,. "• 二.., / •’-‘':•、 i- ‘" • j r' • / ' .1 - • -X -； i'-i' ？广
 f
 “ ； - -. .: • �‘  r. • • , , 、’. •：•• ..... •• ‘ . ‘' ：• •。’ - ‘ ” 二. • ； v ,，.’.、， 、义，”广、一 ，、--i ； ：•• ？-：^' ‘；： - , ：‘ ! 
Acknowledgements 
I am truly grateftil to my supervisor, Prof. Chong-Kee Yip for his guidance, 
support and advice throughout all these years. He has been being very understanding and 
always pointing out the right direction whenever I need, for this I am really indebted. I 
have to thank Prof. Charles Leung, Prof. Sallesh Jha and Prof. Chi Chur Chao for their 
counsel, leading me all the way through the technical myth. 
I would also like to thank all of my families, friends and colleagues. Prof. Win-Lin 
Chou has always been sharing her intelligence, care and wisdom and has been being a 
great teacher and friend. I thank Pauline Lam for all her encouragement. It is always a 
privilege to have it. Johnson Kin, Robbie 她 Ke^eth Lee, JuUe Lau, Mariana 
Ronnie Chu, David Tsang and Rickey Chan - life would have been much harder if I had 
not known each of them. Finally, I would like to dedicate the most grateftil thank to 
Rosanna Lam, who has been an irreplaceable position in these several years. 
All errors remained are my own responsibilities. 






This thesis uses an endogenous growth model which exhibits transitional dynamics 
with convergence to the effects of a deficit-financed tax cut on the growth rate, on 
individuals' welfare and, more importantly, on the government's deficit and debt and 
compare these effects with those of a simple AK endogenous growth model where 
transitional dynamics are absent. After performing conq>uter simulations in which 
parameter values are chosen to mimic the post-war United States economy, it is found that 
it is also possible for the government in a economy with transition to inclement a pro-
growth tax cut on one hand and to maintain a balanced budget in the long run without 
sacrificing the level of government expenditures and without subsequent tax increases on 
the other hand. The presence of transition has little effect on the tax policy to maximize 
revenue: the new tax rate which maximizes the government revenue is still very similar to 
the one where transition is absent. However, there is a noticeable increase in the effect on 
the government budget as well as in the time the government required to clear all its 
outstanding debt. 
The state of growth of the original economy is shown to have significant impacts. 
If a policy of paring tax is implemented when the economy has nearly converged to a 
balanced growth path, there is a considerable decrease in the degree of the tax cut needed 
to maximize the government revenue. The budget effect also increases significantly and 




Larger welfare gains are estimated from a revenue-maximizing tax cut when 
transition presents, especially when the original economy has nearly converged to the 
steady state. 
Changes in the value of different parameters cause different degree of variations in 
the government budget, in the time which the government needs to run a balanced budget 
and the time to pay back all its debts, and on the utility level of the agents after the tax cut. 
It is shown that the possibility of a deficit-financed and long-run budget-balanced tax cut 
without subsequent tax hikes is increased and so are the resulted utility gains of individuals 
are increased when the depreciation rate (8) or the elasticity of marginal utility (-a) is 
larger. 
Keywords: Taxation; One-sector growth model 
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The relationship between taxation and economic growth has long been one of the 
main focuses for economists. Small differentials in growth rates when compounded over 
long periods of time will be translated into a significant difference in the standard of living 
between two economies. In addition, the accumulative nature also means that not only 
one, but many generations will be affected instead. Thus if taxation does have an impact 
on economic growth, it is crucial to have a profound understanding of the mechanism 
behind in order to avoid inappropriate government policies. 
In the neoclassical growth model developed since the late 1950s, taxation plays a 
relatively minor role in determining the well being of the economy as changes in the 
output/income tax rate only affects the growth rate during transition. Long-run growth is 
determined by exogenous factors such as technological progress instead. Therefore for the 
economy in the long run, tax rate changes have only level effect not growth effect on the 
GNP. The analysis of a basic neoclassical model in King arid Robelo (1990) suggests that 
when the tax rate increases from 20 percent to 30 percent, there is a near 4 percent drop in 
steady state consumption which represents a 1.6 percent welfare change. 
The development of endogenous growth models leads to a different conclusion. In 
these analyses, there exists a link between national policies and long-run growth. 
Variations in tax rates can result in large differences in steady-state growth rates. Periods 
of stagnation or high economic growth can be explained by changes in public policy. 
Therefore the impact of taxation policy on individuals' wel&re is enormous. Using 
endogenous growth models of different settings, large growth and welfare effects are 
recorded by economists in simulation experiments which use parameter values simulating 
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the U.S. economy. A decline of around 1.5 percent in the long-run growth rate and an 
welfare cost of over 60 percent are estimated for a capital tax increase from 20 percent to 
30 percent by two different endogenous growth models in King and Robelo (1990). In 
Ireland (1994)，a tax decrease from 20 percent to 15 percent generates a jump of 0.8 
percent in the growth rate and a increase of nearly 40 percent in the welfere. For a Ramsey 
optimal tax reform analysed in Jones, ManuelK and Rossi (1993), the stimulated increase 
in the steady growth rate can be as high as 8 percent and the welfere gain can be as large 
as over 200 percent. The magnitude of growth and welfare changes obtained in this thesis 
are much in line with the results in these above results. It is worth to note that Pecorino 
(1993) shows that even a change in the tax structure from a income tax to a consumption 
tax, while keeping government budget balanced, can raise the growth rate by 1 to 1.23 
percent depending on whether labour supply is exogenous. 
Although modern growth theory strongly suggests a decrease in capital tax rate is 
likely to generate long-run growth, the feasibility of implementing a pro-growth tax cut is 
usually limited as tax-cut proposals are usually opposed on the grounds that they will 
result in massive federal deficit and will either need a even higher tax increase in the future 
or a cut in government expenditures. The growth effect of a supply-side tax cut which is 
only temporary is doubtful if individuals are able to foresee correctly that subsequent tax 
increases are going to be carried out in the fixture. Therefore it is worth to examine the 
issue of the dynamic Laffer curve faced by the economy, in order to see under what 
conditions that the tax base generated by a tax is expanded sufficiently large in the long-
run to yield enough revenues to pay off the short-run government's debt without 
subsequent tax hikes or a cut in government expenditures. The concern of the policy-
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maker is addressed in Ireland (1994) by using a simple convex endogenous growth model 
to examine the effects of a deficit-financed tax cut. 
This thesis follows the work of Ireland (1994) to analyse the expansionary effects 
of a deficit-financed tax cut: whether they are strong enough to allow the government debt 
to be paid off in the long run without the need for subsequent tax increases and if it is 
possible, under what conditions. The discrete time model used in Ireland's work includes a 
simple AK production function of a single consumption good and a time separable 
Constant-elasticity-of-substitution utility ftmction. In his paper，a set of parameters 
following King and Robelo (1990) are chosen and the effect on government budget of tax 
cuts is studied by producing the Laffer curve. The paper also provides a deficit-debt 
analysis and tests on the impacts of different parameter values. In addition, the welfare 
consequences of this supply-side tax cut are measured by finding the constant 伞 which is 
the percentage increase in the pre-tax-cut consumption path that makes the agent as well 
off as after the tax cut. However, transitional dynamic have been left out by the simple 
endogenous growth model in Ireland (1994). The economy just jumps from one steady 
state to another when there is a change in the tax rate and per capita growth rates are 
independent of the initial levels of capital and income. As described in Barro and Sala-i-
Martin (1995), these are singly inconsistent with the empirical evidence on convergence. 
In this thesis, transitional dynamic are introduced by adding a Cobb-Douglas 
fiinction to the original AK production ftmction in an attempt to perform a better 
quantitative analysis. The focus is on the feasibility of a budget-balanced pro-growth tax 
cut and its various effects on the economy. Computer simulations of tax cuts following 
Ireland's approach are performed. 
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The thesis is organized as follows. Chapter II provides a review of relevant key 
literature. The model analysed in this thesis is presented in chapter III，together with a 
brief summary of how the simulations of the tax cut experiment are performed. Chapter IV 
gives the results of the tax cut experiment to examine whether it is possible for the 
government to achieve the goals of maintaining the same level of government expenditures 
and a dynamic balanced budget simultaneously with a lower tax rate. The Lafifer curve and 
the time paths of the government's debt and deficit of a revenue-maximized tax cut are 
produced. In this chapter, the single AK endogenous growth model in Ireland (1994) is 
also calibrated for a comparison between models with and without transition. 
A variant of the experiment is analysed in chapter V. The tax cut is assumed to 
take place when the economy has reached a steady-state balanced growth path. The 
results are then cotr^ared with those of the previous experiment ‘ Chapter VI conq>ares the 
welfare effects of taxation in the three cases: the simple endogenous growth model, the 
model with transition with the tax cut is assumed to have been effecting right from the 
beginning of the transition path, and the model with transition with a tax cut after a 
balanced growth is reached. 
A sensitivity test concerned on the effects of the key parameters, including the 
depreciation rate, the elasticity of marginal utility and a of the Cobb-Douglas part of the 
production function, is performed in chapter VII. Finally, key results are summarized in 
chapter VIII. 
4 
II Literature Review 
This thesis provides a quantitative analysis on the effects of a tax reduction on the 
economy. The main focus is placed on its impacts on the growth performance of the 
economy, on the tax revenue collected and on the welfare of the households. In this 
chapter, a selection of literature which have been the milestones in the development of the 
studied areas is presented in order to provide the reader a boarder and deeper 
understanding of the subject. 
In Ireland (1994)，the same issue is analysed by a single convex growth model. 
Adopting a set of parameters simulating the post-war US economy, Ireland finds that the 
expansionary effects of a deficit-financed tax cut are often large enough to give the 
government the opportunity to pay off the debt in the long run without the need for 
subsequent tax increases. Both strong real economic growth and long-run government 
budget balance can be provided by a permanent and substantial reduction in marginal rates 
of income taxation. However，the economy must stand for temporary government deficits 
in the earlier periods after the tax cut For a case of an original tax rate of 20 percent, tax 
revenue is maximized with a 5 percent tax cut to 15 percent which generates a jump in the 
economy's growth rate from 2 percent to 3 percent and a welfare gain equivalent to that 
from a permanent increase in consumption of nearly 40 percent. The government runs 
deficits for 37 years and pays off its debt after 96 years. Government debt outstanding 
reaches its maximum which is about 130 percent of GNP at around 50 years after the tax 
cut. In this thesis, transitional dynamics are now introduced into the model to study the 
difference between them in order to provide a broader and deeper analysis of the matter of 
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taxation and growth and to, if there are actually transitional dynamics in real time, provide 
a more realistic and thus more meaningful study in terms of government policy. 
One of the most important contributions to dynamic economic analysis is the 
neoclassical model developed by Solow (1956) and Swan (1963) which has been the 
impetus for much theoretical research in the following two decades. Ramsey's analysis of 
consumer optimization was brought into the neoclassical model by Cass (1965) and 
Koopmans (1965) to provide an endogenous determination of the saving rate. The model 
assumes constant returns to scale, diminishing returns to inputs and Inada conditions in the 
production fimction and predicts conditional convergence: the lower the starting level of 
real per capita GDP, relative to the steady-state position in the long run, the faster is the 
growth rate. The convergence property is originated from the assumption of diminishing 
returns to capital and is associated with the term 'conditional' because the steady-state 
levels of capital and output per worker depend on other conditions such as the population 
growth rate and the saving rate in the Salow-Swan model To e^q)lain the persisting 
growth in many economies for over a century without clear tendency to decline, 
exogenous technological progress is introduced into the model by economists to act as the 
engine for the long-run steady-state growth. In the absence of continuing improvements in 
technology, per capita growth must eventually cease. The model has been used to explain 
the difference in growth rates over time and across different countries since then. An 
obvious shortcoming of this model is that the long-run per capita growth rate is 
determined by the exogenous element - technological progress. 
A thorough quantitative exploration of the neoclassical model is provided by King 
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and Robelo (1993). They conduct dynamic simulations using a range of parameter values 
conventional in public finance and macroeconomics and found that a wide variety of 
dynamic paths is obtained as the result. The purpose of their work is to explore the 
question of how important the neoclassical transitional dynamics can be for observed 
growth experiences. In other words, how well can transitional dynamics of the neoclassical 
model be used to explain for growth in the real world? The result is that dynamic 
simulations of different parameters of preferences and technology all show staggeringly 
high real interest rates of over one hundred percent in the early stages of development, an 
undesirable characteristic that no longer exists in the endogenous model with transitional 
dynamics analysed in this thesis. 
In their paper, King and Robelo introduce the results of the empirical studies on 
economic growth by Ibbotson and Sinquefeld (1988) and Homer (1963) to suggest that 
real rates of return do not vary much across time. In order to resolve this problem, King 
and Robelo made modifications that could be divided into two categories: first, changes in 
the parameters of the production function and second’ common alternations of the basic 
model such as vintage capital, investment adjustment costs, international capital flows and 
distinct production technologies for consunq)tion and investment goods. However, while 
some of these modifications overcome the problem of high real interest rate, they give 
birth to other related counterfectual behaviour such as extraordinary high capital share, 
high initial relative price of installed capital and new investment goods or extremely large 
decrease in capital share over time. In terms of the implications for cross-country analysis, 
if countries are assumed to have the same preferences and technologies but are allowed to 
differ in terms of their initial endowments, the convergence results of the neoclassical 
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model predict that country-specific differences in output per capita will tend to disappear 
in the long run. When facing the phenomenal sustained growth in per capita output that 
many countries have experienced, the only explanation the model offering is exogenous 
technical progress. Thus it is difficult to use the neoclassical model to explain growth 
behaviour in the real world and the transitional dynamics of the model cannot account for 
important parts of sustained cross-country differences in growth. They suggested that 
models that do not rely on exogenous technical change - endogenous growth models 
should be used as the primary tool in economic growth process and an quantitative 
approach to evaluate the adequacy of different economic growth models in explaining the 
pace and pattern of economic development in the real world is required. In this sense, our 
thesis can be viewed as a piece of work following the research path suggested by them. 
In Jones and ManueUi (1990), a convex model of endogenous equilibrium growth 
producing transitional dynamics as well as long-run per capita growth is exposited. The 
two purposes in their paper are to show that long-run increases in per capita consumption 
can be generated from a natural generalization of the standard convex technology used in 
the early analysis of growth models and to show how the long-run behaviour of the 
economy can be affected by different government policies. Existence and characterization 
results focusing on the sufficient conditions for equilibrium with sustained growth are 
provided along with some preliminary analyses of taxation and international trade policies. 
The existence of an equilibrium requires the maximal feasible growth rate of consumption 
is bounded from above while sustained growth means the asymptotic growth rate must be 
bounded away from zero. When selecting the parameter values for performing a computer 
simulation of our model, these results play a crucial role. 
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As fer as government policies are concerned, Jones and Mauelli find that given the 
convexity in the production technology and the lack of externalities, the competitive 
equilibrium is Pareto optimal. Therefore laissez-feire is the optimal policy in this case. In 
general, in a closed economy, positive proportional taxes on capital income will cause a 
decrease in the asymptotic growth rate relative to the no-tax situation. When there are no 
externalities, this will result in an equilibrium which is sub-optimal. In particular, if the tax 
rate is high enough, the economy can reach a steady state where there is 110 growth at all 
On the other hand, by increasing the depreciation allowance, the government can generate 
an asymptotic growth rate higher than in laissez-feire. It is equivalent to the case which the 
government uses lump-sum taxes to subsidize the returns to capital. However, given there 
are no externalities, policies that artificially increase the growth rate are also harmfiil to 
welfare. Jones and Manuelli also demonstrate that in the case of multiple countries with 
international trade, differences in government policies across countries such as capital 
income taxation and tariffs can result in permanent differences in the asymptotic growth 
rates of their economies. This offers an explanation for cross-country differences in 
growth on which the neocalssical model fells to provide a satisfectory answer. 
From transitional dynamics, we now jump into the matter of taxation. The 
framework used by most of the economists for thinking about taxation in the 1960s was 
the Solow (1956) and Swan (1956) model in which a fixed exogenous saving rate was 
assumed. Returns to capital are pure rents and capital income tax thus have no allocative 
consequences. The view that the total stock of capital of an economy is taken as 
approximately fixed in tax analysis is forcefully challenged by Feldstein (197) and Boskin 
(1978) in the 1960s. They argue that different tax treatment of capital and other income 
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would have enormous effects on accumulation and growth. They and others try to 
improve the situation by pursuing research empirically within the Solow-Swan framework 
in an attempt to find out he magnitude of the interest elasticity of savings. However, Lucas 
(1990) describes: "...the Solow-Swan framework’ even modified to permit elastic savings 
behaviour along the lines Solow had outlined in his original paper, was simply not 
suitable for making progress on the questions Feldstein and Boskin raised …”. 
In Lucas (1990), he provides a quantitative review of the research on capital 
taxation that has followed from contributions by Brock and Turnovsky (1981), Chamley 
(1981)，(1986) and Summers (1981). In these papers, two frameworks are proposed, in 
each of which the savings function is replaced by a preference function of the household 
constructed by the discounted utilities from consumption of goods at different dates and 
rational expectations or perfect foresight were assumed to handle the effects of fiiture 
taxes on current decisions. Capital accumulation and endogenous growth are forther 
introduced into Lucas model to prove tax changes might alter long-run growth rates as 
well as long-run equilibrium levels. The model consists of flat rate taxes on capital and 
labour income and focuses on three margins: the division of production between 
consumption and investment, the division of time between income-directed activities and 
leisure, and the division of income-directed time between the production of goods and the 
accumulation of human capital. The effects of changes in the tax structure on these three 
margins are analysed. 
Based on parameters describing the US economy from 1955 to 1985，Lucas finds 
that changes in the tax structure can have enormous effects on capital accumulatioiL Even 
under a conservative assumption on capital-labour substitution, capital stock after 
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eliminating the capital income tax and replacing it with a labour income tax to maintain the 
government budget is about 35 percent larger than it would have been without any tax 
changes. With a Cobb-Douglas technology, the increase would be 55 percent. Translated 
into an effect on welfare, this change is much less dramatic. First, diminishing returns to 
capital implies that a long-run capital implies that a long-run consumption of only about 7 
percent can be translated from a long-run capital increase of 35 percent. In addition, under 
Lucas formulation, such an significant capital expansion requires a long period of severely 
reduced consumption during the transition periods before the long-run gain can be 
enjoyed. Taken both fectors into discount, the welfere gain from such a tax reform has a 
maximal value of 2.7 percent of consumption occurring only when the adjustment to the 
new balanced growth is very rapid. This contradicts the result of an enormous increase in 
welfare of the households estimated in Ireland (1994) by the model of only the per-capita 
capital sector. Nevertheless, even the relatively much smaller estimate from Lucas (1990) 
has demonstrated the strong impact on the welfare of the households of a cut in the capital 
income taxation. It is already twice the welfare gain that would result from eliminating a 
10 percent inflation estimated in Lucas (1981) and around 20 times the gain from 
eliminating post-war sized business fluctuations estimated in Lucas (1987). Lucas (1990) 
also mentions that this welfare effect from the tax cut is about 10 times the gain from 
which Harberger (1954) estimates from eliminating all product-market monopolies in the 
United States. 
King and Robelo (1990) also provide a comprehensive analysis on the impacts of 
taxation on economy. In their paper, three different models are calibrated with parameters 
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that accord with the U.S. long-term growth experience to study the effects of an increase 
in the tax rate. 
The economy is assumed to grow originally at 2 percent with an interest rate of3,2 
percent and the results of an unanticipated increase in output/income tax from 0.2 to 0.3 is 
examined. According to King and Robelo, this represents roughly a change from the 
average Japanese tax rate during 1965-75 to the average U.S. tax rate over that period. 
To isolate the effects of taxation from government expenditures, all the tax revenue is 
assumed to transfer back to the private sector through lump-sum payments. Different from 
experiments in Ireland (1994) and in this thesis, the government is forced to run a 
balanced budget period by period. Temporary debt and deficit is not allowed. The models 
include the basic neoclassical model, a simple AK endogenous growth model and a two-
sector endogenous growth model with human capital formation. 
In the basic neoclassical model, as is well known, an increase in the income tax rate 
only causes a shift in the level of the steady-state path but not a change in the growth rate. 
The latter is determined by exogenous fectors only - technological progress in this case. 
An increase of tax rate to 30 percent leads to an 18.2 percent drop in the capital stock and 
a 3.6 percent drop in consumption. In the AK endogenous model, the increase in the tax 
rate produces an immediate shift in the level of the growth path as well as the growth rate. 
The economy's growth rate falls from 2 percent to 0.37 percent - a downward adjustment 
of 1.63 percent. Finally, there is the two-sector endogenous growth model proposed by 
King and Robelo where the productions of both physical and human capital are governed 
by constant-returns-to-scale technologies. Under their specification, the model has a range 
of feasible balanced growth equilibria in which consunq)tion, physical investment, sectoral 
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outputs, and capital stocks all grow at the human capital growth rate. The economy's 
original tax rates in the consumption/physical investment sector (sector 1) and the human 
capital investment sector (sector 2) are both 0.2. An 10 percent increase in the tax rate 
only in the consumption/physical investment sector and an increase in both of the sectors 
are examined subsequently. In a small open economy setting, where interest rate is taken 
as given, an increase in only sector 1 tax rate causes the growth rate to fall by more than 8 
percentage points. An increase in both of the sectors leads to a complete shutdown of 
human capital investment and the economy contracts if there is human capital 
depreciation. In a closed economy，the rate of return of physical investment which is now 
no longer exogenous has a stabilizing effect against the negative impact on the economy's 
growth rate of a tax rise. The increases in the tax rate that bring about lower growth cause 
a decline in the real rate of return. This leads to an increase in the amount of human 
capital investment for a given relative price, thereby offering a force ofl&etting part of the 
drop in the growth rate. Therefore, the effects of a tax increase are smaller than in a small 
open economy. The 10 percent sector 1 tax increase lowers the growth rate by only 0.5 
percent while raising the tax rates of both sectors leads to a 1.5 percent decrease in 
growth rate，which is a much modest figure when compares to the small open economy 
case. The decrease in growth rate is very similar to the drop in the case of a simpie AK 
endogenous model, which is 1.6 percent. In the AK model, the capital good K can be 
viewed as a composite of physical and human capital. Therefore an uniform increase in the 
tax rates of both human and physical capital in the two-sector model with interest rate 
determined endogenously is similar to an increase in the tax rate of the single capital good 
K in the simple endogenous model. 
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In an attempt to examine the effect of a change in the production function, King 
and Robelo (1990) also perform another set of simulations with a high labour share in the 
production ftinction for human capital good. They find that the drop in the growth rate for 
an increase in sector 1 tax rate is much smaller after this change. 
From the results, we can see that taxation can have an important impact on the 
economy's growth and the magnitude of this influence can vary significantly with different 
tax structure and production structure. 
The welfare costs of the tax increase of the three models are also evaluated by 
King and Robelo by the method similar to those used in Lucas (1990) and Ireland (1994). 
The welfare loss is measured by finding the constant fraction ^ of the consumption path so 
that individuals are indifferent between an increase in the tax rate to 30 percent and a 
situation in which the tax rate remains at 20 percent but their consumption level is down 
by <|) in every period. 
The welfare cost in the neoclassical model 1.6 percent, in the simple endogenous 
growth model is 65A percent and in the two-sector endogenous growth model is 62.7 
percent. It is obvious that there are much larger welfare effects in endogenous growth 
models than in the basic neoclassical model. In the basic neoclassical model, the steady 
state growth of the economy is only governed by the exogenous rate of technical progress 
and thus a change in the tax rate has only level but not growth effect in the long run, 
resulting in a much smaller welfare impact. The double-digit welfare costs estimated by the 
two endogenous models are most similar in magnitude to those of the endogenous growth 
cases studied in Ireland (1994) and in Jones，Manuelli and Rossi (1993) but contrast with 
the basic neoclassical model suggested in Lucas (1990). 
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As described in Robelo (1991)，the rate of growth in the neoclassical growth 
model is affected by economic policy only during the transition path toward the steady 
state and therefore this policy effect will be too weak to explain the existence of large 
cross-country differences in growth rates and in living standards. Robelo (1991) analyses a 
class of endogenous growth models that have constant returns to scale technologies. 
Having focused on the effects of taxation on the rate of growth, the paper concludes that 
this class of models can e?q)lain the observed permanent cross-country differences in 
growth rates as a result of differences in government policy, which I think is one of the 
reasons why further research on endogenous growth models is worth to pursue. 
Valuable results are also provided by Jones, Manuelli and Rossi (1993). A 
quantitative assessment of the impacts on welfare and growth rates of a Ramsey optimal 
tax reform in a calibrated model of the U.S. economy is given in the paper. The basic 
model is a convex model with symmetric physical and human capital. The growth rate of 
the economy is assumed to be 2 percent before the tax refona Elastic labour supply and 
endogenous government expenditures are then introduced into the model to see the 
impacts. The authors find large and similar growth and welfare effects from a change to 
optimal tax policies for all three experiments. The growth rates after a Ramsey optimal tax 
change range from 3.4 percent to more than 10 percent while the welfare effects， 
measuring by the constant percentage increase in the path of consumption to bring utility 
before tax reform up to the level attained under the Ramsey tax policy, range from over 
110 percent to over 200 percent. The intertemporal substitution parameter a places a key 
role on the size of the effects: the lower it is, the higher the growth rate and the welfere 
after tax reform. A result which is also produced by experiments in our thesis. It is 
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especially worth to note that a more than 10 percent after-tax-reform growth rate and an 
over 200 percent welfare gain are obtained when a equals to 1.1. In the experiment of a 
tax cut from 30 percent to 20 percent (which has not yet been Ramsey optimal) in the 
endogenous model with transitional dynamics performed in this thesis, the welfare gain is 
an extra increase in consumption of over 100 percent when a equals to 1. The results 
obtained in Jones, ManuelH and Rossi (1993) suggest that such large welfare gain is 
possible. 
Most of the results produced in the works listed above focus on the impacts of 
taxation change on growth rate and welfare of the economy. Unlike them, this thesis pays 
an equally, if not more, important attention to the matter of tax revenue collected by the 
government. The dynamic changes in government's deficit and debt and the budget effect 
are analysed to see whether the expansionary effects of the tax cut are large enough to 
allow the government debt to be paid off in the long run. In the real world, this will be a 
key issue determining the feasibility of a tax cut by the government. 
16 
Ill The Model 
The economy is consisted of a set of a large number of identical consumers who 
are indefinitely lived, starting from period t = 1. Each of these agents seeks to maximize 
the additively time separable CES utility function 
- ( C � - l) / (l-a), p e (0,1), a >0. (3.1) 
The constant population size is normalized to unity so as to make sure per-capita 
quantities coincide with aggregate quantities. 
Using capital Kt, output Yt of a single consumption good is produced during each 
period t = 1, 2，3.•” according to the following technology, 
Y产 AKt + BKta, A>0，B>0，a<l . (3.2) 
The capital stock is regarded as being a composite of both physical and human capital and 
the technology is in fact taking the form considered by Jones and Manuelli (1990). The 
Cobb-Douglas part satisfies the properties of a neoclassical production function: positive 
and diminishing marginal products, constant returns to scale, and Inada conditions. 
However, the production of eq‘（3.2) is not neoclassical because one of the Inada 
conditions, lin^.>00 (dY/dK) = A > 0, is violated. The AK part of the production function 
will deliver endogenous growth, whereas the BKa part will generate the convergence 
behavior. The aggregate capital stock depreciates at rate 8 and is increased through 
private investment It in each period t. Hence, 
^ = (1-5)1^ + ¾. (3.3) 
In each period t, the government imposes a proportional income tax xt and 
provides the lump-sum transfer Gt for each consumer. A deficit of the government in any 
period t can be financed by issuing one-period pure discount bonds which sell for bt+i / R t 
17 
(in terms of time t consumption) in period t and pay for b t+i (in terms of time t + 1 
consumption) in period t + 1, where R t is the gross real rate of interest between t and t + 
1. No tax will be levied on income earned from these bonds. 
At time t, a representative consumer has the output AIQ + BKta，the depreciated 
capital stock (1 - 5 ) Kt, the bonds b t, and the transfer Gt as sources of funds. On the other 
hand, the consumer has to spend for the tax bill xt(AKt + BKta), consumption c t, and the 
capital K t+i and bonds b t+i / R t to be carried into the into the next period. The time t 
budget constraint is thus 
(1 -TT)(AKt+BKta) + (l - 8 ) K t + bt + Gt>c t + Kt+i + b t+i/R t. (3.4) 
No individual is allowed to borrow more than he can ever pay through selling short capital 
or bonds‘ This condition enters into the representative consumer's problem through the 
terminal constraint 
l im T 书 (K t +1 + br +1 / R t ) / ( n T 4 约 R s ) = 0 (3.5) 
which guarantees that the period-by-period budget constraints (3.4) can be combined into 
an infinite, present value budget constraint. The individual's nonnegativity constraint Ct > 0 
and the aggregate nonnegativity constraint IQ > 0 are guaranteed to hold as (3.3) implies 
that the marginal utility of consumption goes to infinity when (¾ closes to zero. Every 
consumer takes the sequences {xt }°Vi，{Gt }°°t=i and (¾ }°°t=i and the initial stock of 
capital Ki> 0 and bond bi = 0 as given and maximizes (3.3) subject to (3.4) and (3.5). 
The government has committed to provide a government transfers sequence 
{Gt}^ which is financed either through taxation or by issuing bonds to the public. 
Therefore it faces the constraints 
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xt(AKt+ BKta) + bst+i / R t > G t + b s t (3.6) 
where bst is the face value of bonds maturing in period t. The govermnent also faces the 
terminal condition 
l imT^oo(b s T +！ /RT ) / (nT 1^ R s ) - 0 (3.7) 
which constraints its ability to issue bonds and thus guarantees that the period-by-period 
constraints (3.6) can be combined into an infinite horizon, present value budget constraint. 
The government takes the sequences {Kt+i } � 1 and {Rt and also the initial conditions 
Ki > 0 and bsi = 0 as given. 
The representative consumer's first-order conditions when maximizing (3.3) 
subject to (3.4) and (3.5) give the result that the growth rate of consumption between 
period t and period t +1 is 
^=(13¾)17° (3.8) 
where 
Rt - (1 -xt+1) A + (1 -xt+1) aBKt a l + (1- 8). (3.9) 
The growth rate of capital between period t and t + 1 is given by 
yKt=K,+l/K,= (1-x t+1) A + (1-T t+i)BK^-1 - (Ct/Kt) + (1-8). (3.10) 
Note that the growth rate is inversely related to the marginal tax rate Tt+iwhich is assumed 
to be constant over time, that is xt+\ = T for all t. 
The steady state looks exactly like the AK model with the growth rates of c, K and 
Y are all given by 
Y={|3[(1-T)A + (1-S)]}1/o. (3.11) 
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The main difference between the two models is due to the production fimction. In the 
thesis, the production technology is a combination of the AK and Cobb-Douglas functions 
and exhibits constant returns to scale as well as diminishing returns to scale. Convergence 
property is therefore introduced into the economy through the production function. Thus 
the main purpose of the thesis is to analyse the tax-cut effect on the economy growth and 
on government revenue in the presence of this property. Computer simulation technique 
followed by computations are used to generate the growth path of the key variables so 
that the characteristics of the model can be understood and the effect of varying different 
parameters can be analysed. 
System of Simultaneous Equations and Computer Simulation. To perform the computer 
simulation for the growth path of the key variables, which in this case are the consumption 
and the capital of the representative consumer in each period, a system of mathematical 
equations must be set up so that the variables can be solved numerically by the computer. 
To understand more about the general behaviour of the model where transition is 
present, a comparison is first made between the AK model and the model with transition in 
Chapter IV. The economy is assumed to be without the existence of the government. So 
that xt, g t and bt are zero for all t. Assuming that period n is the period when steady-state 
is 'largely' achieved, the system of simultaneous equations representing the growth path of 
the modelling economy from period 1 to n is as follows: 
initial condition: 
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for t = 1 to n, 
consumer budget constraint: AKt + BKta + ( l -8)Kt-Ct- Km 二 0， 
consumption growth rate from first-order conditions to maximize utility: 
c t+i/ct = {P[A + ( l - 5 ) + aBK t+1al]}1/a, 
convergence assumption (ycn 二 作^) at t = n: 
Kn+1 / Kn 二 {P [A + (1 - 5) + aBKn+r1]}1^ 
Note that for the convergence assumption to hold, some of the parameters must meet 
certain requirements which will be mentioned later. Thus for t from 1 to n, there will be n 
+ 2 equations solving n + 2 variables of K and c. 
To solve for this system of equations, computer software MATHEMATICA of 
Wottham Research, Inc. running on an UNIX operation platform is used after the values 
of the parameters are chosen. 
In Jones and Manuelli (1990), a general theoretical analysis on convex models of 
equilibrium growth (convex in the sense of technology side) is provided and very useful 
results on the growth criteria of these models are obtained. For the production function of 
the type 购 = b K + g(K) and U(ci, ... ) = I ^ c1_at / (1- a), which can represent the 
production function and the utility function of this thesis respectively, P(b + 1 - 8) >1 
where b = f (k) and p(b + 1 “ 5)1_<T < 1 must be satisfied. The former condition 
ensures the economy displays long-run growth and the latter represents bounded lifetime 
utility which must be satisfied for the existence of the program. The above conditions can 
put reasonably tight restrictions on the parameters of the model. In this simulation 
experiment, parameters are chosen such that the above conditions are satisfied so that k is 
increasing over time as the result of the long-run growth and 
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limt->ooyct= limk-^ ooYct 
=limk—co {p [A + (1-5) + aBKt+1a l]}1/a 
= {(3[A + (l-5)]}1/o (3.12) 
can be found as the steady state asymptotic growth rate. Note that the growth rate here is 
expressed in the level form. A 10 percent growth is represented by 1.1 instead of 0.1. The 
corresponding asymptotic real interest rate is therefore 
limt_^oRt=A + (l-8). (3.13) 
This can also serves as a mean to determine the value of n to be chosen. Remember we 
have defined period n as the period when steady-state is 'largely' achieved. We can now 
further define it as the growth rate in the net form (that is, for the 10 percent growth rate 
example, 0.1) at period n which is within a 5 percent variation of the asymptotic growth 
rate (in the net form) already found. Of course, this requires the simple transformation of 
the growth rates from the level form to the net form when the comparison is made. The 
system of the equations with all the relevant parameters and an arbitrarily chosen n is put 
into the computer to generate the solution for the variables c and K of period t from 1 to 
n. Thus the growth rate of period n, after transforming to the net form can be calculated 
and then compared with the 5 percent variation restriction, n is increased and the whole 
process is iterated if the above criteria has not met yet. For all the periods t > n, we 
assume that the economy will then grow along the balanced growth path so that the key 
variables can be easily found using y^ = yKt = {p [A + (1 - 5)]}1/o. This method is used 
instead of solving the system of equations with n chosen to be, or at least very close to, oo 
because, unfortunately, modern technology is still with limitations and computer 
simulation just fails to solve for a very large system of equations. 
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To understand the basic characteristics of the model, a benchmark case followed 
by variation on four main parameters are analysed. Parameters are chosen as follows: 
benchmark case: A = 0.2， 
B - 0 . 1 A = 0.02, 
a = 0.25 (King and Robelo (1993)), 
8 = 0.1 (Ireland (1994)), 
<j=1 (Ireland (1994)), 
p = 0.981. 
The asymptotic real interest rate R is assumed to be 10 percent and the asymptotic growth 
rate is 7.9 percent. These give the values of A and (3 through (3.12) and (3,13). B is 
chosen to be 10 percent of A so as to provide more realistic values of the growth rate in 
the initial periods of the transition. In addition, a large B will also produce an excessive 
long period of convergence. By choosing B as 0.1 A, n is generally achieved within 50 
years for all the different cases analysed in this paper. Note also that the existence and 
growth criteria proposed by Jones and Manuelli (1990) will require p > 0.9 and a > 0.8 
given p - 0.981. 
Comparison is made between this model and the simple AK model to see the effect 
of the Cobb-Douglas ftinction in the technology side. Then eight more cases are 
experimented to analyse the effect of four main parameters of the model on the growth 
behaviour of the key variables: 
a. ot = 0.25，0.375, 0.5; 
b. A & B change together at the same percent^e: 
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A = 0.24，0.2，0.16, and 
B = 0.024, 0.02, 0.016 respectively; 
c. p-0.991, 0.981,0.971; 
d. a = 0.8,1,1.2. 
Note that gk stands for the capital growth rate, gc stands for the consumption growth 
rate, limG stands for the asymptotic growth rate and limR stands for the asymptotic gross 
real rate of interest in the graphical reports. That is， 
limG = limt^ ooYct 
=limt—o^ Kt 
= {P(A + (l-8)]}1 / o , (3.14) 
and 
limR = limt-^ oDRt 
= [A + (1 -6)]. (3.15) 
After obtaining the vahxes of c and K of period 1 to n from computer simulation 
and followed by computation of other interesting variables, results of the simulations of 
the benchmark case are shown in fig.3.1a to fig.3.1g. Due to the appended Cobb-Douglas 
production form, the capital growth rate is up for an extra 1.5 percent in the initial periods 
of the transition path, which is almost 20 percent of the 7.9 percent asymptotic growth 
rate. The growth rate of output is about 8.8 percent in period 1 which accounts for 10 
percent of the asymptotic growth rate. The increase in consumption growth rate is much 
smaller. The 'extra' growth due to the appended Cobb-Douglas production form is around 
0.5 percent in the early periods, which accounts for about 5 percent of the asymptotic 
growth rate. Accumulatively, the extra growth during the transition will have a obvious 
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impact on the output, the capital and the consumption after some years, causes them to 
rise for more than 20 percent after four decades. As for the real interest rate, the one of 
the AK model has a constant value of 10 percent while the one of the transition model 
rises to more than 11.5 percent in period 1 and then gradually converges to the asymptotic 
value of 10 percent. 
The results for variations in a, in the scaling factors of the production technology 
(A and B), in p and in a are shown in fig.3.2a to fig.3.2g, fig.3.3a To fig.3.3g, fig.3.4a to 
fig.3.4g and Fig3.5a to fig.3.5g respectively. In the transition model, a higher a increases 
the real interest rate and the various growth rates of capital, consumption and output. On 
the other hand, a higher rate of return of investment also results in a lower initial 
consumption level in period 1. However, due to a higher growth rate, the consuiiq)tion 
level for a higher a soon surpasses the one where a is smaller. Changes in the technology 
parameter A affect the asynq)totic growth rate while changes in the technology parameter 
B affects the magnitude of the 'extra' growth above the asymptotic rate during the 
transition. The larger the parameter values, the larger are the growth effects. When A and 
B increases from 0.16 and 0.016 to 0.24 and 0.024，not only the asymptotic growth rate 
jumps from 3.986 percent to 11.84 percent, the 'extra' capital growth rate (above the 
asymptotic value) in period 1 also increases from 1.026 percent to just above 2 percent. 
The latter effect on the transition consumption growth rate and the transition output 
growth rate are much smaller but still the direction is the same: larger 'extra' growth 
during transition for a larger B. Individuals become more patient as (3 goes to unity, and 
thus they are more willing to save rather than consume their endowments. This 
characteristic contributes to higher economy growth rate in the long-run. Similarly, there 
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is also a tendency for the 'extra' growth above the asymptotic value to go up during 
transition when there is a higher p. It is shown in fig.3.4b that the initial consumption is 
larger for a lower p. Although consumption is lower in the earlier periods when p is closer 
to one, the patience is soon rewarded with higher consumption in later periods due to 
stronger growth. Finally, the elasticity of substitution for the utility fimction is 1/a. 
Therefore the proportional decline in the marginal utility for an increase in consumption is 
more quickly if a is higher and thus consumers prefer a smoother consumption pattern 
instead of sacrificing present consumption for larger consumption in the fiiture. Hence, 
when a is higher, fig.3.5d to fig.3.5f show that the asymptotic growth rates are smaller, 
and so is the 'extra' growth during transition. The consumption in the earlier periods is 
also larger as a result of a smoother consumption pattern. It is also clear from fig.3.5b that 
when ct equals 0.8, the smallest among the three cases, consumers are willing to sacrifice 
consumption in the early days in exchange for larger consumption in later days which can 
still be well enjoyed. 
One of the very main purposes of the thesis is to find out the effect of transition 
contributing to the tax revenue obtained by the government of a deficit-financed tax cut 
for various new tax rates. The Laffer curve of the model with parameters chosen to mimic 
the postwar US economy is first produced and is then compared to the Laffer curve of the 
AK model using the same set of parameters. One of the interesting things it can tell us is 
how the effect of the transition affects the revenue-maximizing tax rate. A reduction in the 
marginal tax rate has three effects on the government's budget. First, the direct effect of 
the lower tax rate decreases total tax revenues. Second, the lower tax rate increases the 
growth rate of the economy and this effect in turn increases the size of the tax base and 
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hence the total revenues. Third, the lower tax rate increases the real rate of interest and 
thereby decreases the present value of the government' future receipts and expenditures. 
For the AK model, the total effect of the tax cut (X° to T1) on the government's budget can 
be measured by the method proposed by Ireland (1994): 
LCt1, A, p, 5, a) ^ / [R1 - ( P R 1 ) ’ } - {x°A / [R1 ‘ (PR°)1/a]} (3.16) 
whereR1 = (1 - + (1 - 6) andR0 = (1 - x°)A + (l - 5). 
For the model with transition, attempt is made to generate the growth path of c 
and K by computer simulation method described as above. Of course, under the specified 
production function in this model, steady state is achieved only when time goes to infinity. 
However, due to technical constraint as mentioned，an approximation of the infinite 
lifetime growth path of the representing household is made by breaking down this lifetime 
growth path of c and K into two portions, the transition path and the balanced growth 
path. Steady growth path is assumed to be achieved at the period when both %gc and 
%gK are less than 0.05，where %gc and %gK stands for the 'excess，growth rate above 
the asymptotic growth rate expressed as a portion of the net asymptotic growth rate: 
%gc = (yc- limt^ ooyct) / (limt->ooYct - 1) 
={Ye- [P ((1 - T)A + (1 - ml/°} / {[P ((1 - OA + (1 - 6))]1/o - 1}, and (3.17) 
%gK = (yK- l inwy K t ) / (linw/Kt _ 1) 
二 (Tk- [P((l - x)A + (1 - 5 ) ) f} / {[P ((1 - x)A + (1 - 5))]1/CT -1}. (3.18) 
That is, the growth rates are already close enough to the asymptotic ones, and c and K are 
assumed to grow with the asymptotic growth rate since then. Computer simulation 
method described above gives all the values of c and K and in turn other key variables for 
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calculating the budget effect of the tax cut of the dynamic part. However, the system of 
the equations is changed to introduce the tax rate parameter x. 
Since the govermnent of the economy before the tax cut is assumed to run a 
period-by-period balanced budget, h will be equal to 0 for all t when % = x0. The system of 
simultaneous equations is put into run by the computer and the path of fixed government 
transfer Gt is obtained. The equations are as follows, 
initial conditions: 
for t - 1 to n, 
consumer budget constraint: 
(1 - x)AKt + (1 - x)BKta + (1- 5) Kt + G t+ bt - Ct - Km -
(bt+i/ Rt) = 0, 
government budget constraint: 
xAKt + TBKta + (bt+i / Rt) = G t+ bt， 
consumption growth rate from first-order conditions to maximize utility: 
cT+I/ct = {p _ - t ) A + (1 一5) + (1- t )aBK t + 1 a l ]} 1 / c 5 
convergence assumption (ycn = Ykh ) at t = n: 
K ^ ! / K n = {p [(1 - t )A + (1-8) + (1-T0ocBKn+1al]}1/G. 
For the rest of the growth path where t > n, since constant steady state growth rate is 
assumed, we can apply the mathematical technique of the sum of geometric progression in 
calculation. 
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After some efforts of algebra, the total budget effect of tax cut from xl and x° is as 
follows: 
I 
L = imt=i t(n t4^i Rs, V U ] 
i i 
in 
+ (nm '^ l Rs,xl)4 { ( T 1 ^ ^ ! , , ! / R^tOIR 1 / (R1 ‘ (PR1)1”] + (T'BK^n,,! / Rt=m,Tl) 
[ R V C ^ ^ p r 1 ) ^ ) ] } 
IV 
- ( n m M 问 Rs,,!)-1 {…維项’吡功 / Rt^'^OtR1 / (R1 - ( P R 0 ) , ] + (T°BKat=m'+1^ 
/ Rt^-.xOtR1 / (R1 - (PR0)"70)]} (3.19) 
where R is the real interest rate, + - 8), R° - (1 - T°)A +(1 - 6), 
m is the period when both %gK and %gc are less or equal to 0.05 for the first time when 
the tax rate is equal to and m，is the period when both %gK and %gc are less or equal 
to 0.05 for the first time when the tax rate is equal to x°. Note also that under the above 
growth assumption Rs, Ti equals to R1 for all s larger than ra I and II represent the present 
value (discounted by the interest rates of the new economy after the tax cut) of the tax 
revenue of the new tax rate and the present value of the tax revenue of the old tax rate in 
the transition path respectively, while III and IV represent the present value of the revenue 
of the new tax rate and the present value of the revenue of the old tax rate in the balanced 
growth path respectively. 
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The parameters are chosen to be 
A = 0.2, 
B = 0.02, 
a = 0.25 (as in King and Robelo (1993))， 
5 = 0.1 (as in Ireland (1994)), 
a = l (as in Ireland (1994)), 
(3 二 0 . 9 8 2 , 
so that the economy under experiment will have an asymptotic growth rate of 2.1 percent, 
an asymptotic real interest rate of 4 percent and an initial national income tax rate of 30 
percent which are similar to that of the postwar US economy. After obtaining the results 
for x = To, the effects of a tax cut of every 1 percent are analysed. Thus for tax cuts from 
30 percent to 0 percent, 30 computer simulation processes are performed. Each gives a set 
of values of c and K from which other variables such as Y and R are found. To trace the 
peak of the Laffer curve, 20 more conqmter simulation processes each changing at a basis 
of 0.05 percent will be performed between the 1 percent tax rate gap where the peak is 
bounded inside. 
If the growth paths of both t1 and x° are obtained, the deficit and debt effect can be 
analysed. It is possible that the tax cut can generate a long period of time when the 
government is running a deficit, even though the total effect of the tax cut on government 
revenue is positive. This is because although a tax cut increases the growth rate which in 
turn increases the tax base of the economy，tax revenue collected by the government is 
probably less than that of the initial tax rate at earlier periods because of the direct 
negative effect of a smaller tax rate on tax revenue. Debt is issued to finance the deficit. 
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Deficit at period t is measured as Gt - xxyt where Gt - t°yt while government debt 
outstanding at period t is be. 
For the model with transition dynamics, the growth path of the economy is again 
broken down into two parts - the transition dynamics part and the steady growth path 
using the same 0.05 criteria of %gK and %gc as above. Thus there will be no problem 
even in obtaining values of the key variables for periods of large t. They can be found out 
by simple computation as steady growth is assumed after the period when %gK and %gc 
enter the 0.05 bound. Hence both deficit and debt effects can then be calculated. 
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IV Simulating The Tax Cut 
The purpose of this chapter is to explore the quantitative effects of tax paring on 
the government budget and the dynamic behaviour of the government debt and 
government deficit. From the results of the simulations, we can examine whether it is 
possible for the government to maintain the same level of government expenditures as 
before on one hand and run a dynamic balanced budget on the other hand after a tax cut. 
The Laffer curve and the time paths of government debt and deficit of the revenue-
maximized tax cut are produced. The simple AK endogenous growth model in Ireland 
(1994) is also calibrated for a comparison between models with and without transition. 
Change in the budget effect of a tax cut is measured by the method introduced in 
Ireland(1994): 
L(x\ x°? A，P, 5，a) h r W {IVA (PR1)产-x°A (pR°)t/o] / (R1)14}. (4.1) 
L is the prevent value of the change in the tax revenue collected by the government from t 
=1 to qo when the tax rate of the economy changes from x°to x1. Since the government is 
assumed to run a balanced budget period by period when T° is the tax rate, the total 
government expenditures also equals to the total tax revenues collected. Thus a non-
negative L means that when the economy is with the tax rate t1, the government can still 
maintain the same level of expenditures as it is t° . 
For the simple AK endogenous growth model, using the formula of the sum of 
geometric progression it can be written more con^actly as, 
[ L(t1, T°, A, p, 5, a)三[T1 A / (R1 - (PR1)17"] - [x°A / (R1 - (pR°)1/a] (4.2) 
where T° is the old tax rate, T1 is the lower new tax rate, R° = (1 - x° )A + (1 _ 5) and R1 = 
(1 + _§)• 
32 
For the transition model analysed in this thesis, as a measure to overcome technical 
constraints, the economy is assumed to grow with the asymptotic growth rate when the 
transition effect is small. The acceptance criteria is when both %gk and %gc are less or 
equal to 0.05 where %gc and %gk respectively stand for the 'excess' growth rate of 
consumption and capital above the asymptotic growth rate expressed as a portion of the 
net asymptotic growth rate (see eqn. 3.17 and eqn. 3.18). After making this assumption 
and then using the formula of the sum of geometric progression, the budget effect of the 
model with transition can be derived as shown in appendix A as: 
I 
L = Zmt=, [ ( n ^ R W V Y v d ) ] 
II 
h i 
+ ( E T 1 内 RS.XI)1 { [ ( — A K ^ + W / R ^ R L ) ( R L / (R1 - ( P R 1 ) , ] + ( — B K ^ + W 
/ ^ ^ / ( R ^ m Y i ] } 
IV 
-(rr’-�Rs,Tl)-1{[(T1AKt=m'+l5To / Rt^'^OfR1 / (R1 - (PR°)1/a] + ( ^ B K ^ ^ ! , ^ 
/R^n-.xOfR1/ R l - m 0 f a ) ] } (4.3) 
where R is the real interest rate, R1 = (1 - x1 )A + (1 _ 5)，R° = (1 - t° )A + (1 _ 8), m is the 
period when both %gk and %gc are less or equal to 0.05 for the first time when the tax 
rate is equal to t1 and m，is the period when both %gk and %gc are less or equal to 0.05 
for the first time when the tax rate is equal to x° respectively. I and II calculate the present 
value of the tax revenue in the transition path after and before the tax cut respectively 
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while III and IV give the value in the balanced growth path. The parameters are chosen to 
be 
A = 0.2, 
B = 0.02, 
a = 0.25, 
5 = 0.1, 
P = 0.982. 
The economy under experiment will have an asymptotic growth rate of 2.1 percent, an 
asymptotic real interest rate of 4 percent and an initial national income tax rate of 30 
percent, which are similar to that of the postwar US economy. 
The effect of the tax cuts on the government budget of tax cuts of the two models 
is produced in fig.4,1. It can be noticed that for tax cuts of less than 20 points (a new tax 
rate larger than 10 percent), the government is in fact able to gain more revenue regardless 
of whether transition is present in the economy. As long as the new tax rate is higher than 
13 percent, the increase in the government budget is larger for the case with transition. 
Since this new tax rate range has accounted for most of the cases where the budget effect 
is positive, it is safe to conclude that the presence of transition in the economy can 
increase the extra government revenue, if there is any, gained from a tax cut. However, for 
larger tax cuts, the budget effect is more positive (or less negative) for the economy with 
no transition. Hence it is the government in a economy with no transition suffer less if the 
tax cut is so large that the resulted effect on the budget effect is negative. 
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Both Laffer curves reach their maximum when the new tax rate is between 22 
percent to 23 percent. It can be shown more clearly in fig.4.2 and fig.4.3 that the revenue-
maximizing tax rate for the model with transition is 22.8 percent (representing an 
asymptotic growth rate of 3.54208 percent) while the one for the AK model is 22.85 
percent (representing a growth rate of 3.53226 percent) . Thus it will take almost the same 
tax policy in both of the cases if the govermnent is aiming to maximize its income. In other 
words, the revenue-maximizing tax rate is quite independent of the presence of transition. 
With transition the budget effect is 0.6240 and without is 0.5910. Since Yi equals to 0.22 
(Y = AK + BKa) for the model with transition and 0.2 (Y = AK) for the AK model, the 
budget effects in present value are around 284 percent and 295 percent of the first period 
GNP of the economy respectively. The difference between them is 0.033 which accounts 
for more than 16 percent of the period 1 output of the economy without transition. 
The reduction in the marginal tax rate has three efifects on the government' s 
budget constraint. First, the lower tax rate has the direct effect in reducing total tax 
revenues. Second, the lower tax rate increases the rate of capital accumulation which in 
turn increases the size of the tax base and hence total tax revenues. Third, the lower tax 
rate increases the real interest rate and thus decreases the present value of the 
government's future receipts and expenditures. 
It is easy to notice that the first effect is the same for both of the models: a tax cut 
from, say, 20 percent to 10 percent, has the same direct effect of reducing a non-
discounted tax revenue of 0.1 per every unit of GNP no matter there is or is not transition 
present in the economy. Therefore the difference in the other two effects in the transition 
path must play the crucial role in the difference of the Laffer curves of the two models. 
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For a same degree of reduction in marginal tax rate, there is a larger increase in the growth 
rate of K in the earlier periods and hence the degree of accumulation of capital and the 
tax base for the model with transition when compare to the AK model. This increases the 
tax revenue collected after the tax cut. However, convergence is faster for the economy 
with a lower tax rate in the transition model. Thus, there must be some periods when the 
'extra' growth above the asymptotic growth rate due to transition is smaller than that of 
the original tax rate. Thus the difference in the growth rate before and the growth rate 
after the tax cut must be smaller for the model with transition at these periods when 
compares to the AK modeL This counters the effect of the earlier periods. As the 
economy with the original tax rate is also converging, the difference in the growth rates 
becomes closer and closer to that between the asymptotic growth rates, which is also the 
difference of the AK modeL 
The difference in the real interest rate for a tax cut of the model with transition has 
the similar behaviour as the growth rate: 
^ = (71^/0)^7^/0.982. (4.4) 
But the effect of it on the revenue collected acts in the opposite direction as the effect of 
the growth rate difference. For any period, a larger (positive) difference between the 
growth rate after and before the cut raises the revenue to be collected due to the tax base 
effect，while the corresponding larger increase in the real interest rates reduces the present 
value of the tax revenue generated (if any) and thus reduces the budget effect These 
characteristics work together and contribute to finally what we see in fig.4.1. 
The corresponding effects of the revenue-maximizing tax cut (30 percent to 22.8 
percent) of the transition model on deficit and debt are produced in fig.4.4 and fig.4.5 
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respectively. The time paths of the government's deficit and the government's outstanding 
debt are compared with those of a revenue-maximizing tax cut of the AK model (30 
percent to 22.85 percent) and those with the saxne degree of tax cut of the AK model 
(30% to 22.8%). Deficit is calculated using the following formula: 
D t^Gt^ -x 1 Yt,Tl5 (4.5) 
where Gt,xo is the government expense (in form of transfers to the public) in period t of the 
old tax rate which is equal to x° Yt,to. The outstanding debt of the new economy with the 
new tax rate is given by 
Bst+i 二（G^ - T1 Yt,Tl + Bst) R， （4.6) 
where Bst represents the face value of bonds maturing in period t and Rt denotes the gross 
real rate of interest between t and t + 1. Again, the growth paths are broken into the 
transition path and the balanced path for the transition model. After the growth rates of 
both capital and consumption (in net form) have converged to within 5 percent of the net 
asymptotic growth rate, steady-state is assumed to be reached and the economy is 
assumed to grow with the asymptotic growth rate. 
The results show that the presence of transition does have obvious impacts on the 
government debt and the government deficit but the difference is not very significant. The 
government of the three cases in comparison must all run deficits for 20 years. The results 
of the two cases where transition is not present in the economy are very similar to each 
other since the two new tax rates are indeed very close to each other. The government 
debt reaches its maximum 36 years after the tax decrease in both of the cases. When there 
is transition, the government debt tops in period 39. Government debt is completely paid 
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off after 52 years for both of the cases where transition is not present. However, 2 more 
years is required for the government to be debt-free when there is transition. 
It is shown in fig.4.1 that the increase in government budget due the revenue-
maximizing tax cut when transition is present in the economy (30 percent to 22.8 percent) 
is larger than not only the one of the same 8.2 percent tax cut but also that of the revenue-
maximizing tax cut (30 percent to 22.85 percent) when the economy is without transition. 
It may seem to be strange that fig.4.5 shows that it takes the government of the economy 
with transition to acquire positive assets 5 years later than those of the two cases where 
transition is not present. In addition, it can be noticed in fig.4.5 that the government's debt 
of the model with transition is larger than the other two cases whenever it is positive and 
the assets is smaller than the other two cases when there is any. This seems to contradict 
the result from the budget effect analysis. However, it is worth to notice that the budget 
effect is in present value while the debt outstanding shown in fig.4.5 is not, which means 
the discount effect of real interest rate can not be shown in the latter graph. Moreover, 
although not shown in fig.4.5, the amount of assets acquired by the government of the 
economy with transition will in fact surpass the one resulted from the same 30 percent to 
22.8 percent tax cut of the economy without transition in period 93 and the one acquired 
from the revenue-maximizing tax cut in period 95. Thus the long-run trend is consistent to 
the budget effect 
The GNP of the economy, the deficit effect expressed in terms of percentages of 
GNP and the debt effect expressed in terms of percentages of GNP are given as fig.4.6, 
fig.4.7 and fig.4.8 respectively. The behaviour of deficits of the three cases are much more 
similar to each other when they are now expressed as percentages of the economy's 
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output. The government outstanding debt as percentages of GNP reaches the peak after 
26 years for both of the cases when there is no transition and stands for over 100 percent 
of the economy output at that time. In the case with transition, the outstanding debt as 
percentages of GNP is at its top three periods later in period 29 and accounts for nearly 
120 percent of the economy output. The curve of the government debt expressed as 
percentages of GNP of the transition model now lies forever above those of the other two 
cases even though in absolute terms the government in the economy with transition 
actually acquires positive assets in a faster rate than the other two cases as shown in 
fig.4.5. The main reason is the difference between the GNP of the transition model (which 
is larger) and those of the AK model spreads out much more quickly as time passes. The 
economy with transition grows at a rate not less than the asymptotic growth rate, which is 
3.54208 percent, for all times when the tax rate is 22.8 percent. This is higher than the 
constant 3.53226 percent growth rate of the economy without transition and with a tax 
rate of 22.85 percent. Coiiq)aring to the case where the economy without transition also 
has the same 22.8 percent tax rate, the 'extra' growth rate above the asymptotic rate 
during transition provides the economy with transition a larger economy base to grow in 
the later periods even when the growth rate of the two economies are the same. Therefore 
the increase in the economy output is the largest for the case with transition (see fig.4.6) 
and the larger the GNP, the smaller is the figure expressed as percentages of it. When this 
effect dominates, the government's debt (asset) expressed as percentages of GNP of the 
economy with transition is larger (smaller) than those of the AK cases. 
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V Cutting Tax in A Balanced Growth Economy 
An economy with transition experiences fast growth at first and then gradually 
converges to a balanced growth path. Thus it is interested to know whether the effect of a 
decrease in tax rate depends on the stage when the new tax policy is implemented. In the 
previous analysis the tax cut is assumed to be carried out at the beginning of the economy 
growth path and the revenue collected is compared with the predetermined expenditures, 
which is also the revenue would have been collected with the old tax rate. In this analysis, 
the original economy is assumed to be on a balanced growth path when the tax cut is 
imposed. 
Similar to the previous government budget analysis and the deficit and debt 
analysis, the government is assumed to take the government spending as given as which it 
spends at the original tax rate and also equals to the tax revenue of the original tax rate. 
The difference is that in this case the economy of the old tax rate is assumed to be growing 
on the balanced growth path with the asymptotic growth rate. Thus it is in fact an 'ex-
balanced growth' analysis. With this assumption, for the original tax rate of 30 percent (xt 
=0.3 for all t), the growth path of consumption ⑷，capital (Kt), national income (Yt) and 
government expenditure which is in terms of lump-sum transfer to individuals (G t) can be 
easily found. The government is assumed to balance its budget period by period at a 30 
percent tax rate, thus bonds issued by the government (bt) are zero at all time and Gt 
equals to 0.3Yt for all t, which can then be used as input values in the system of 
simultaneous equations exactly used in the previous analysis (see page 30 and page 31). 
For the economy of the new tax rate, computer simulation is again used to 
generate the initial periods of the growth path, that is, the 'transition path' of the 
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economy. The difference between this simulation and the one in the previous chapter is the 
different input values of Gt. The rest of the growth path after the economy's net growth 
rates are less than 5 percent in excess of the net asymptotic growth rates, is again assumed 
to be a 'balanced growth' path. Hence, all necessary variables of the later periods can then 
be found out for analysis. The government is assumed to have committed itself to 
providing the expenditure sequence as the one when tax rate equals to 30% ({Gt}°°t=i) and 
consumers take this government expenditure sequence of the old tax rate as given. 
After obtaining the key variables of both of the economies, the total effect of the 
tax cut is measured as 
I II 
L = r w Rs, V Yt，Tl)] - r v ! RSJ tlyl(T0Yt^)] 
HI 
+ ( I R - 1 ^ R,, TL)4 [(T1 AKT—W / R ^ ^ X R 1 / R 1 - (PR 1 ) 1 ^) + (TLBKA^+L,N / R ^ XIXR1 
IV 
- (H 1 1 1 -^! R ^ ) - 1 K ^ A K T ^ ! ^ / R T ^ . I X R 1 / R 1 - (PR°)1/TY)]， (1) 
where R is the real interest rate, R1 = (1 - x1 )A + (1 - 8), R° = (1 - T°)A + (1-8) 
and m is the period when both %gk and %gc are less or equal to 0.05 for the first time 
when the tax rate is equal to T1. This budget effect is in fact the net gain / loss in the 
present value at period 1 of the economy with the new tax rate of the tax revenue after the 
tax change. I represents the present value of the tax revenue of the new tax rate of the 
transition path while III represents the present value of the of the tax revenue of the new 
tax rate of the balanced growth path. For the tax revenue of the old tax rate, although it 
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follows the assumption that grows with a constant rate, it is still necessary to break it into 
two parts (II and IV) for calculation as the discount &ctor sequence {Rt,xi}°°t-i is assumed 
to grow with first a transition path then converged to a balanced growth path. 
Fig.5.1 shows this budget effect of a cut in the national income tax rate from 30 
percent for this 'ex-balanced growth' analysis and compares it with a pure AK model. The 
latter case is the same as one analysed in Ireland (1994) and is also shown in fig.4.1 
enclosed in the last chapter. We can notice that when the economy before the tax cut has 
already been very closed to the steady-state, there is a big jump in the tax revenue 
collected for the transition model, which is significantly different from the case of chapter 
4. It can be seen that the two Laffer curves in fig.4.1 are very close to each other. The one 
associated with transition peaks at almost the same new tax rate. The tax revenue 
maximized is relatively smaller: a revenue-maximized tax rate of 22.8 percent compares to 
the 22.85 percent of the AK model, and the increase in the present value of the maximized 
revenue is around 6 percent more than the AK case. However, in the present case, the 
revenue maximized tax rate is 24.2 percent (representing an asymptotic growth rate of 
3.26712 percent) and there is a jump of 55.60 percent in the present value of the 
maximized tax revenue. As can be seen in fig.5.1, the Laffer curve for this ‘ex-balanced 
growth' variation of the transition model is well above the one with the pure AK model. 
Hence if the economy is with transition, the transition status of the economy of the 
original tax rate has a significant impact on the budget collected by the government. The 
extra revenue due to a revenue-maximized tax cut is much larger when the original 
economy is already close to a balanced growth status. The reason behind this result is the 
jump in the economy growth rate above the asymptotic rate during transition. This higher 
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growth rate in the earlier periods contribute to a larger tax base in the subsequent periods 
and thus a much higher tax revenue. When the economy is assumed to have transition 
before and also after the tax cut, the tax revenues collected in both cases are affected by 
the higher transition growth rates. As the government expenditure is assumed to be equal 
to the tax revenue collected before the tax cut, a higher tax revenue collected with the old 
tax rate means the government also has to spend more when the new policy is 
implemented. Therefore the extra revenue due to the tax cut, if there is any, is smaller 
when there is transition in the economy with the old tax rate. The analysis in this chapter 
assumes the original economy is already at the balanced path growing with the balanced 
growth rate (although theoretically this will only be achieved at infinity). The government 
expenditure is not affected by the high transition growth rate and is therefore smaller. 
Hi Hi Vm 
Budget Effect, L Budget Effect, L Budget Effect，L 
New Rate = 22 .8%0.591036 0.623991* 0.905091 " 
New Rate = 22.85% 0.591047* 0.623976 0.905980 
New Rate = 24 .2%0.578058 0.609319 0.919657* 
Table 5.1: Budget effect L (prevent value of extra revenue) of a deficit-financed tax cut 
where the original tax rater is 30% and the initial capital endowment k! equals 1. 
I represents the case where the economies of both the original tax rater and the new tax 
rater1 are described by the AK model; for II, both the economies are described by the 
model with transition; III shows the budget effect when the model with transition is 
evolved from a balanced growth path. 
* denotes the revenu- maximizing tax rate. 
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A summary of the budget effect of different cases are given in table 5.1. I 
represents the pure AK model analysis, which is the same as the one in Ireland (1994) but 
of different parameter values. The economies of both the original tax rate and the new tax 
rate are growing under an AK model. II shows the budget effect when transition is taken 
into account of the economies of both the original tax rate and the new tax rate. Ill 
assumes the economy after the tax cut is with transition but the economy of the original 
tax rate is already growing along a balanced growth path. A big jump in the budget effect 
can be observed for the last case. 
The trends of the deficit and the debt after the tax cut are then analysed. Among 
others, the number of years required for the government to run a balanced budget and 
start collecting positive assets is of special interest. The effects of the deficit-financed tax 
cut on the government's deficit and the government's debt, both expressed as percentages 
of GNP, are shown in fig.5.2 and fig.5.3. The tax cut is effected from period 1 and the 
revenue-maximizing tax rate is now 24.2 percent instead of 22.8 percent. The latter 
represents the revenue maximization rate in the last chapter for the transition model and is 
shown for comparison. Thus it is clear that the status of the original economy does have 
an impact oil the new income tax rate to produce the strongest government budget effect. 
The effects of these two tax rates of the pure AK model are also provided. All the 
economies before the tax cut of these four cases are assumed to grow along a balanced 
growth path and have a tax rate of 30 percent. As a result, unlike the analysis in the 
previous report, the expenditure sequence the government assumed to be committed to 
spend is the same for all of the cases. Thus the differences between them are mainly the 
result of the difference in the model representing the economy after tax cut. That is the 
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difference between a pure AK model and the one with a Cobb-Douglas tail in addition. Or 
in other words, the difference between transition is present in the post-tax-cut economy or 
not. It is worth to note that in the last chapter, the expenditure sequence of the model with 
transition is determined in a way that the transition of the economy with the original tax 
rate is taken into account. Hence, it is like we are analysing the effects when the original 
tax rate is replaced by the new one from the very beginning of the economy in the last 
chapter while in this chapter we are analysing the effects when the government imposes a 
tax paring policy in a mature economy where steady growth is experiencing. 
When the original economy is growing along a balanced path, the government 
expenditure which equals to the tax revenue collected in each period also grows with the 
steady-state growth rate. If transition exists and a tax cut is then imposed, the economy 
will experience growth rates much higher than the asymptotic rate in the earlier periods. 
This contributes to a faster growth of the tax base and thus smaller deficits and debts are 
resulted. The maximum outstanding debt as a percentage of GNP is less than 15 percent 
for the revenue maximized tax rate of 24.2 percent. If transition is not present, this value 
becomes over 75 percent. For case of the transition model in the last chapter, the 
government is assumed to spend what it would have been spent right from the beginning 
of the economy when the tax rate is 30 percent, therefore the pre-determined government 
expenditures does not grow with the asymptotic rate right from the start of the tax cut but 
also take this 'extra' growth effect into account. Thus there are larger deficits and debts 
and it also take a longer time for the government to run a balanced budget and to pay back 
all its outstanding debt. Comparing fig.4.7 and fig.5.2, we can see that for the case of 
revenue maximization, the government is able to run a balanced budget 10 years faster if 
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the original economy is assumed to grow along a balanced path. Fig.4.8 and fig.5.3 also 
indicate that when the government imposes a revenue-maximizing tax rate it can pay back 
all its debt about 35 years faster if the original economy is assumed to grow along a 
balanced path. 
Fig.5.2 shows that the time for the government to balance its budget is much 
smaller when there is transition. It takes only 8 years when the new rate is 24.2 percent 
(by which the government revenue is maximized), more than 10 years faster than an AK 
model of the same tax rate. Moreover, from fig.5.4, it is also clear that the amount of 
extra revenue collected is larger than the AK model. Together, it greatly shortens the time 
for the government to acquire positive assets from 49 years to 18 years, as one can see in 
fig.5.5. 
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VI Welfare Analysis 
Following Ireland(1994), I employ the method to measure the welfare 
consequences of this supply-side tax cut by finding the constant <|) that satisfies 
U({c°t(l + = mo\)rt=i) (6.1) 
where {c0t}°°t-i is the time path of consumption in an economy with the constant original 
tax rate T° = 0.3 and {�\}°%1 is the time path of consumption in an economy with a new 
constant tax rate. This method is in fact based on Lucas (1987) and works as follows, 
including King and Robelo (1991). Note that for an economy with transition, the time path 
is broken into a converging transition growth path and a balanced growth path on order to 
make calculation possible. The number 小 represents the constant percentage increase in 
consumption in the high tax economy so that the representative consumers are indifferent 
between the high tax situation and the one after the tax cut. The derivations of 小 from 
equation (2) for different cases are given in appendix B where case A is corresponding to 
the case where the economies of both the original tax rate T° and the new tax rate T1 are 
described by the AK model, case B to the c^se where transition is present in the economy 
and the tax cut is assumed to be made at the beginning of the economy growth path, and 
finally case C to the 'ex-balanced growth' case when traosition is evolved from an 
economy originally growing along a balanced path after a tax cut. The latter aims to be a 
close representation of the case where the tax cut is made when an economy with 
transition has largely converged to the steady-state. The results of the welfce analysis are 
summarized in table 6.1. 
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fl III [In 
Fraction Increase in Fraction Increase in Fraction Increase in 
Consumption, (j) Consumption,小 Consumption, ^ 
New Rate = 22.85% 0.7307* - 了 
New Rate = 22.8%”""0.7371 0.7990* 1.2651 
New Rate = 24.2%~0.5665 0.6261 1.0476* — — 
Table 6.1: Welfare effect (j> (constant fraction increase in consumption) of a deficit-
financed tax cut from an original tax rate t of 30%. 
I represents the case where the economies of both the original tax rater and the new tax 
rate if are described by the AK model; II represents the case where both the economies 
are described by the model with transition and the tax cut is implemented at the 
beginning of the economy; III shows the welfare effect when the model with transition is 
evolved from a balanced growth path after a tax cut. 
* denotes the revenue-maximizing tax rate. 
From the table, it is obvious that the lower the tax rate, the higher the growth rate, 
the higher the live time consumption and the larger the welfare effect. For the revenue-
maximizing tax rate of the second case (II), there is more than 5% increase in welfere 
effect when compared with the first one (I). The change in the model structure from the 
pure AK model to the model with transition does contribute to the difference in the 
welfare gains. 
The results show that the presence of transition causes a noticeable increase in the 
welfare gains. It is also shown that the magnitude of the welfare increase in the third case 
(III) is very large. Just like the case for the budget effect, this result is due to the jump in 
the growth rate well above the asymptotic growth rate when the model emerges from the 
balanced growth path to the new transition path after the tax cut. Although the growth 
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rate converges along the transition path, the 'high' growth rate in the earlier periods has 
already made a great impact on the consun^tion sequence of the representative agent. 
One characteristic of the CES utility function is the earlier the consumption, the smaller 
the discount on it. Along the transition, the earlier the period the higher is the growth rate. 
Thus the higher the growth rate the earlier is the impact on consumption and is then 
discounted the less. The effect on welfare is therefore maximized. To sustain the same 
level of welfere as that after the tax cut, the consumption of the old tax rate needs to be 
more than doubled. Nevertheless, large welfare gains are obtained in all the cases. These 
results are in line with those obtained in King and Robelo (1990), Jones, Manuelli and 
Rossi (1993) and Ireland (1994) where endogenous growth models are analysed but are 
much larger than those estimated by neoclassical models in Lucas (1990), King and 
Robelo (1993) and Pecorino (1992). The large gains in welfare imply that tax reform is 
very much worth to be considered, especially when the government budget is proved to be 
able to be balanced in the long run. 
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VII Sensitivity Analysis 
The focus of this section is to explore the impact on budget, on deficit and debt, 
and on welfare when varying the values of several key parameters independently. 
Experiments following those described in the budget analysis, the deficit and debt analysis 
and the welfare analysis in the previous chapters are performed with an independent 土 5 
percent change in 5 (depreciation), in a (negative of the elasticity of marginal utility) and 
in a of the production function. The benchmark values are 0.1, 1 and 0.25 for 8, a and a 
respectively. Hence the six variations are 5 = 0.095，0.105, or = 0.95，1.05, and a = 
0.2375, 0.2625. Results of the sensitivity test of the budget effect analysis are shown in 
table 6.1, 
In table 6.1，I represents the case where the economies of both the old tax rate (30 
percent) and the new tax rate are described by the model with transition and the tax cut is 
implemented at the beginning of the economy. We can see that the adjustment of the 
depreciation rate 8 has only a small effect on the budget. When other things being equal, 
the extra revenue collected by the government from a tax cut moves in the same direction 
as the depreciation rate. When the depreciation rate is higher, a cut in the tax rate has a 
larger proportional effect on the marginal product of capital and therefore the impact of a 
decrease in taxes on the growth rate of the tax base increases with 5. However, the 
magnitude of the changes in the budget is relatively smaller (less than 5 percent for a 5 
percent change in 5)，especially for a smaller depreciation rate. Hence, technology changes 
which slow down the wearing of capital seems to have very little impact on the budget 
effect. If the government wants improvement in the extra revenue collected by a deficit 
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financed tax cut, measures trying to cut the economy depreciation rate such as investing in 
R & D may not be well justified in this case. 
[1 [1 [ 5 [ n 
^ = 22.8%* ^ = 24.2% ^ = 22.8% T1 - 24.2%* 
Budget Effect，Budget Effect, Budget Effect, Budget Effect, 
L L L L 
8 = 0.1* 0.623991 0.609319 0.905091 0.919657 
6 = 0.095 0.622009 0.608308 0.894348 0.908354 
( - 5 % ) ( - 0.32% ) ( -0 .17%) ( - 1.19%) ( - 1.23% ) 
5 = 0.105 0.633542 0.619535 0.915432 0.930557 
(+ 5%) (+1.53%) ( + 1.67%) (+1.14%) (+1.19%) 
a = l * 0.623991 0.609319 0.905091 0.919657 
a = 0.95 0.783694 0.738464 1,143571 1.141223 
( - 5 % ) (+ 25.60% ) ( + 21.19%) ( + 26.35% ) ( + 24.09% ) 
¢7= 1.05 0.469330 0.469113 0.732291 0.759701 
(+ 5%) ( - 24.79%) ( - 23.01%) (-19.09%) ( - 17.39%) 
a = 0.25* 0.623991 0.609319 0.905091 0.919657 
a = 0.2375 0.628131 0.614227 0.899904 0.915427 
( -5%) ( + 0.66%) ( + 0.81%) ( - 0.57%) ( - 0.46%) 
a = 0.2625 0.627205 0.613343 0.908800 0.925578 
(+5%) ( + 0.52%) ( + 0.66%) (+ 0.41%) ( + 0.64%) 
Table 7.1 shows the results of the sensitivity test of the budget effect. The original tax 
rate r is 30% and the initial capital endowment ko equals 1. Each value in parentheses 
indicates the percentage change from its corresponding benchmark value. 
I represents the case where both the economies are described by the model with transition 
and the tax cut is implemented at the beginning of the economy while II shows the budget 
effect when the model with transition is evolved from a balanced growth path after a tax 
cut. 
* denotes the benchmark case where 8 = 0.1, a = 1 and a = 0.25. 
denotes the revenue-maximizing new tax rate r1 under the benchmark case. 
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On the other hand, changes in the elasticity of marginal utility (-a) have significant 
impacts on the budget: a 5 percent increase (decrease) in a triggers an increase (a 
decrease) of more than 20 percent in the budget effect L. In this model, the effect of a 
change in a on the budget is channelled through the economy's growth rate as 
Yt = (pR01M (7.1) 
where Rt is the gross real interest rate between t and t + 1. 
The proportionate decline in the marginal utility of consumption in response to 
increases in c is more rapid for a higher a, therefore, the less willing the households are to 
accept deviations from a uniform pattern of c over time. The resulting growth rates of 
both the original tax rate and the new tax rate after utility maximization are smaller than 
the benchmark case (cr = 1). However, proportionally, the decrease in the growth rate of 
the economy with the new tax rate is larger. Comparing to the benchmark case, there is 
still an increase in growth rate after the tax cut which generates a larger tax base for extra 
tax revenue to be collected over time. But this time the jump in the growth rate is smaller 
and thus so is the increase in the government budget due to the tax cut. For a decrease in 
a, the argument works in the opposite way. 
As illustrated by the last two rows of table 7.1，the budget effect is not sensitive to 
changes in a. For a 5 percent variation, the change in L is less than half percent. The 
production function analysed in this thesis is formed by a linear combination of an AK 
fimction and a Cobb-Douglas fimction. The Cobb-Douglas function is responsible for the 
'extra' in the growth rate above the asymptotic one during the transition, a is the 
parameter of the Cobb-Douglas function and thus affects only this 'extra' part of the 
growth rate in the transition path but not asymptotic growth rate. Not to forget that this 
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bit of 'extra' growth rate is ever converging. Thus for an adjustment in a, there is 
relatively small effect. 
II represents the case where I assume the economy before the tax cut has already 
reached and has been growing on a balanced path. Most of the results are in line with 
those of I except for a. The change in L due to a variation in a is now in the opposite 
direction: L increases when a increases and vice versa. In this 'ex-balanced growth' 
analysis, only the economy of the new tax rate is affected by the adjustment in a. A 
decline in a decreases the output per each unit of capital input. The national income is 
smaller than the benchmark case, implying that a smaller amount of extra revenue is 
collected by the government. For I, since the decrease in a affects not only the economy 
of the new tax rate but also the economy of the original rate taken for calculation, the final 
overall effect on L can be positive rather than negative. 
Fig.7.1 to fig.7.48 illustrate the resulting changes in the time path of the deficit and 
debt received by the government when the three parameters 5, a and a are varied. In each 
of the cases shown in Fig.7.1 to fig.7.24, transition is present in the economies of both the 
old rate and the new tax rate. When benchmark parameter values are used, the revenue-
maximizing new tax rate is 22.8 percent. The tax rate 24.2 percent is indeed the revenue-
maximizing rate for the 'ex-balanced growth' case and the results of which are given as a 
comparison. On the other hand, fig.7.25 to fig7.48 provide the results on which the 
assumption of the economy before the tax cut already on balanced growth is applied. The 
revenue-maximizing new tax rate of the benchmark is 24.2 percent. A brief summary of 
the key features of the results is given in the following two paragraphs. 
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When transition is present in the economy and the tax cut is assumed to be 
imposed at the beginning of the economy, as shown in fig.7,1 to fig.7.24，changes in the 
time when the government begins to run a balanced budget are very small for both of the 
new tax rates 22.8 percent and 24.2 percent. None of the adjustments has resulted in a 
change of more than a year. The changes in the time for the government beginning to 
acquire positive assets are somewhat larger. The most significant one is when the elasticity 
of marginal utility changes to -1.05 (a = 1.05). Comparing with the benchmark case, the 
time for the government to pay off all its debt exceeds three years for t1 二 22.8 percent 
and two years for T1 == 24.2 percent. Another interesting point is that more tax revenue 
collected not necessary means it takes less time for the government to maintain a balanced 
budget or to pay back all of its debt, and vice versa. We can see from table 7.1 that the 
present values of the total extra tax revenue collected after a tax cut when depreciation 
rate decreases by 5 percent are decreased for both of the new tax rates in Case I. 
However, fig.7.1 and fig.7.5 both show that a shorter time is required for the government 
to balance its budget. Fig.7.2 and fig.7.6 also show that the time for the government to 
pay off all its debt is decreased. If we look at the amount expressed in a percentage of the 
economy's GNP, there are no dramatic changes in the maximum outstanding debt for all 
the testing values. All the variations are within an extent of 10 percent of GNP. 
When the economy of the original tax rate is assumed to have been achieved a 
balanced growth status before the tax cut, the variations on the time paths of deficit and 
debt are much less significant. Among the three parameters under consideration, 
adjustments in the elasticity of marginal utility (-a) induce the largest changes in the time 
for the government to run a balanced budget and to pay off all its debt. The corresponding 
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results are shown in fig.7.33 to fig.7.40. However, even the greatest change is only around 
one year and a half as shown in fig.7.34, or equivalently, fig.7.36 for the new tax rate of 
24.2 percent. The maximun deficit and the maximun debt outstanding are shown to be 
very insensitive to all the changes of these three parameters. 
The last part of this chapter is a presentation of the results of the sensitivity test on 
welfare. Again, the welfare gain from a tax cut is measured by the constant ^ in the 
equation 
U({c°t (1 + (|>)}%i) = \J(Wt)}%i) (7.2) 
where {c0t}°°t=i is the time path of consumption in an economy with the constant original 
tax rate x° = 0.3 and {�\}°%1 is the time path of consumption in an economy with the new 
constant tax rate. <|) is thus a fraction that serves as a compensating consumption 
supplement which makes the representative agent as well off in the original tax economy 
as in the new tax economy. The results of experiments involving a 5 percent change in 
both directions in the three parameters, 5，a and a, are contained in table 7.2. Again, I 
represents the case where the economies of both the original tax rate and the new tax rate 
are described by the model of transition and the tax cut is assumed to be at the very 
beginning of the economy while II represents the case where the im)del of transition of the 
new tax economy is evolved from an old tax economy growing along a balanced growth. 
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I_ n i n rfi 
t1 = 22.8%* ^ = 24.2% ^ = 22.8% x1 = 24.2%* 
Fraction Increase Fraction Increase Fraction Increase Fraction Increase 
in Consumption, in Consumption, in Consumption, in Consumption, 
<t> 小 小 <!> 
6 = 0.1* 0.7990 0.6261 1.2651 1.0476 
5 = 0 . 0 9 5 0 . 7 8 0 1 0.6122 1.2127 1.0041 
( - 5 % ) ( - 2.37% ) ( - 2.22% ) ( -4 .14%) ( -4 .15%) 
8 = 0.105""""0.8283 0.6485 1.3367 1.1070 
(+ 5% ) ( + 3.37% ) ( + 3.58% ) ( + 5.66% ) ( + 5.67% ) 
1* 0.7990 0.6261 1.2651 1.0476 
a = 0.95 0.9333 0.7098 1.4604 1.1759 
( - 5 % ) (+ 16.80% ) ( + 13.37% ) (+ 15.44% ) ( + 12.25% ) 
a = 1.05 0.6540 0.5257 1.1077 0.9442 
(+ 5% ) (-18.15%) ( -16.04% ) ( -12.44% ) ( - 9.87% ) 
a = 0 .25*0 .7990 0.6261 1.2651 1.0476 
"a : 0.7997 0.6319 1.2615 1.0475 
0.2375 ( + 0.09% ) ( + 0.93% ) ( - 0.28% ) ( - 0.01% ) 
(_ 5%) 
"a : 0.8042 0.6354 1.2793 1.0660 
0.2625 ( + 0.65%) (+1.49%) (+1.12%) (+1.76%) 
(+5% ) 
Table 7.2: Welfare effect 中(constant fraction increase in consumption) of a deficit-
financed tax cut from art original tax rate r of 30%. 
I represents the case where both the economies are described by the model with transition 
and the tax cut is implemented at the beginning of the economy while II shows the welfare 
effect when the model with transition is evolved from a balanced growth path after a tax 
cut. 
* denotes the benchmark case where 5 = 0.1, u-l and a — 0.25. 
+ denotes the revenue-maximizing new tax rate t under the benchmark case. 
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The derivations of ^ from equation (4) for I and II are shown in case B and case C 
of appendix B respectively, except for a = 0.95 and 1.05. The utility function U({ct)}°°t=i) 
equals to ITWP1 (c1"^ - 1) / (1 ~ a) instead of S°°t=i p1*1 ln(ct) when a is not equal to one. 
Case A of appendix B shows the derivation of <j) for I when a = 0.95 and 1.05 and case B 
of appendix B shows that for II. 
The results listed in the table are similar to those of the sensitivity test of the 
budget effect. Adjustments in the elasticity of marginal utility, hence the intertemporal 
elasticity of substitution in consumption, have the strongest impact on the increase in 
welfare due to the tax cut, followed by adjustments in the depreciation and finally in the 
production function parameter, a . 
Whether or not the economy of the original tax rate is assumed to have reached 
the balanced growth status, an increase in the depreciation will induce an increase in the 
welfare effect after the tax cut and vice versa. A 5 percent adjustment causes a change of 
similar magnitude. Similarly, an increase (decrease) in the elasticity of marginal utility 
causes an increase (decrease) in the welfare effect for both of the cases，I and II. However, 
the magnitude is much larger, ranging from around 10 percent to more than 18 percent. 
When the intertemporal elasticity of substitution in consumption is increased (i.e. a is 
reduced), the welfare gain is magnified. Increasing the elasticity of substitution means 
increasing the agents to substitute across goods and therefore increases their response to 
the tax cut ands leads to a higher excess gain of taxation. Finally, just like the budget 
effect sensitivity test，a change in a in either direction induces an increase in the welfare 
obtained from the tax cut in case I. On the other hand, when the old tax economy is 
assumed to have already reached a balanced growth status as in case II, an increase in a 
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increases the welfare effect while a decrease in a causes it to decrease. For case I，a 
change in a affects both the consumption path of x and that of T which takes part in the 
calculation. It is because both include the transition path and of which the magnitude of 
the growth rates are affected directly by a. For example, a decrease in a decreases the 
level of both the consumption paths. Thus the final change in <|), representing the overall 
effect, can be an increase in a. But if the pre-tax cut economy is assumed to be growing 
along a balanced growth path, for the economy of x , only the asymptotic growth rate is 
involved in calculation and it is not affected by a. An decrease in a will cause the 
consumption path of the new tax economy to drop. As a result, the welfare gain, reflecting 
by 小，will be smaller. However, relative to changes in other parameters, the resulting 
adjustment is the smallest in any of these experiments involving a variation in a: the 
largest one is only 1.76 percent. It is because a affects only the extra growth above the 
asymptotic rate during transition, which is ever converging and thus is not the dominant 
effect in the long run. A change in it only results in a milder variation in the overall effect. 
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VIII Conclusion 
Like many previous analysis, the results of this thesis again demonstrate the large 
impact of taxation on the growth rate of an economy. Public policies affect the incentives 
that individuals accumulate capital which in turn affect the growth performance of the 
economy. An decrease in the income tax rate increases the rate of return to the private 
sector's investment activities and brings about a permanent increase in the rate of capital 
accumulation and in the economy's rate of growth. Thus this can be the answer for the 
disparity in long-term growth rates for different countries. 
In the real world, the feasibility of a supply-side policy depends very much on the 
possibility for the government to maintain the same level of expenditures as well as a long-
run budget balance without subsequent tax hikes. It is demonstrated in the thesis that the 
expansionary effects of a pro-growth tax cut can be strong enough to provide significant 
endogenous economic growth, from which the increase in the tax base is soon large 
enough for the government to pay back all its debts resulted from short-run deficits. The 
presence of transition does not provide any counter result. On the contrary, after 
conducting simulations for the post-war US economy, it is found that it takes almost the 
same degree of tax cut for the government to maximize its revenue and there is a even 
more considerable increase in the government budget if transition is taken into 
consideration. One noticeable difference is that more time is needed for the government to 
pay back all the debts when there is transition. Thus a more patient government is required 
to take the change, yet the result will be more fruitfiil. 
In one variation of the experiment, it is shown that the growth status of the 
original economy has significant impacts on the results. If a policy of paring tax is 
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implemented when the economy has been nearly converged to a balanced growth path, 
there is a considerable decrease in the degree of the tax cut needed to maximize the 
government revenue when compares to that implemented at the very beginning of the 
economy growth path. The budget effect also increases significantly and the time for the 
government to run a balanced budget and to pay back its debt shortens dramatically. This 
indicates that there may be a need for the go vernment to have a deep understanding of the 
status of the economy before it changes its tax policy. 
The welfare change estimated for a cut in the tax rate is also quantitatively 
significant. The figures are much larger than the single-digit estimate in Lucas (1990), 
King and Robelo (1993) and Pecorino (1992) where neoclassical models are analysed but 
are pretty much close to the figures estimated by other endogenous growth models in 
Ireland (1994), King and Robelo (1990) and Jones, Manuelli and Rossi (1993). Compare 
to Ireland (1994), the results also indicate that the presence of transitional dynamics will 
lead to a larger welfare impact from a tax rate change, especially when the economy 
before the tax cut is assumed to have converged. 
Changes in the value of different parameters cause different degree of variations in 
the government budget, in the time the government needed to run a balanced budget and 
the time to pay back all its debts, and on the utility level of the agents after the tax cut. It 
is shown that the possibility of a deficit-financed cut in the marginal tax rates without 
subsequent tax hikes and the resulted utility gains of individuals are increased when the 
depreciation rate (5) and the elasticity of marginal utility (-a) are larger. However, 
variations in a have little effects on the results. 
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In short, the analysis of this thesis supports the supply-side economics' claims of 
increasing capital accumulation. Hence higher economy growth rate and higher individual 
utility can be obtained as a result-pf a cut in the marginal tax rate. Although massive deficit 
may be resulted in the short run, the government debt can be paid off in the long run due 
to the expansion in the tax base. The presence of transition does not make the concern of 
the policy makers of subsequent larger tax increases in the future become more 




L(x\ T°, A, p, 8, a )赛 [?A / (R1 - ( P R 1 ) ’ - [x°A / (R1 - (PR°)1/a], 
where t° is the old tax rate, T1 is the lower new tax rate，R° = (1 - t° )A + (1 - 8) and Rl = 
(1 - t ^ A + CI -8). 
L = ZMT=I R S ^ I ) - 1 ^ 1 ^ ) ] - ZM'T=1 [ ( R F - � R S ^ O - ^ / Y . X O ) ] 
+ (n m -U R^)- 1 r V m + d R A K ^ w (PR1)^-1^ + V B d + b K P R i f m . r ] 
- ( N M ' " V I RS,XIXL I R T ^ N ^ A ^ ^ (PR0)(T-MM)/O 
+ ^ B ^ ^ ^ A P R 0 ) ^ ' - 1 ^ ) ] / [IU^KRV - 1 ]}， 
where m = Min(l,...,tv..oo) when (y\,m- y1) < 0.05yl and (y^m- y1) < 0.05/, m, 
=Min(l，…,t，.,.oo) when (y0k，m，- y°) < 0.05y° and (y \ m，- y°) < 0.05/. y1 = p[(l - + 
(1- 8)] and y° = p[(l - T°)A + (1- 5)]. 
L = Emt=i m1-1^ Rs, , 0 - 1 ^ 1 ¾ ) ] - Sm't=i [(n^Vi Rs, x i T 1 ^ 0 ^ ) ] 
+ (n m _u Rs，.0"1 {(T1 A i U w / R m xOfS^iCCpR1)^1^1)1-111-1)] 
+ [ x ' B Q ^ ^ r / ( R ^ j K z ' t ^ + i W P R Y f D / c ^ r 1 - 1 ] } 
I - (nm，-、Rs, ,0-1 { ( t 0 ^ , ! ^ / R^-, .o t s^ iapRy- 1 0 ' - 1 ^ 1 ) 1 - 1 1 1 ' - 1 ] 
+ / (Rt^-, x O l E ^ H i a p R W 1 1 1 ' ' 0 / (R1)^'-1]}. 
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By the sum of geometric progression, 
L = Smt=i [(n1"1^! R m W Y ^ ] - Sm't=i Rs , , ! ) ' 1 ^ 0 ^)] 
+ ( I T - ; Rs, .O"1 { ( T 1 ^ ^ ! / R t ^ ti)[l / (1 - ( m l ) l / V R1))] + ( T ^ K ^ ! 
/ R ^ X l / G - a p R f / R 1 ) ) ] } 
- ( I F 1 ’ - � R ^ O l K — A K t ^ x o / R t o i X l / (1 - ( (PROY^/R 1 ) ) ] 
+ (T°BKa^+ht0 / Rt^'^Ofl / (1 - ((PR0)*/ R1))]}. 
+ ( r r ; Rs, .i)-1 {[(VAK^+w / R ^ .OCR1 / (R1 - (PR1)170)] + 
/ R t ^ . O f R V C R 1 - ^ 1 ) ^ ) ] } 
- ( r r ’ - � ^ - ' { [ ( t ' A K , ^ ^ / / (R1 - (pR°)1/a] + (T0BKa^+i,^ 




u({ C ° t ( i+<i>)n = 1 )=uGcyru) , 
where c°t represents the consumption in period t under the original tax rate T° and c°t 
represents the consumption in period t under the new tax rate T . 
For a = 1, 
ITU ln[c°t(l + ((,)] = r W InVt). 
In(l + <|))rw PM = r w pt4 ln(?t) - r u ln(c°t). 
In(l + (t>)S°°t=i pt_1 = ru pt-1 IxifcSCy1)1-1] - ru 旷1 lnt^Ky0)1"1], 
where y1 亡 p[(l - t ^A + (1- 5)] and y° = (3[(1 - t°)A + (1- 8)]. 
ln(l + 旷1 = lnCcS) r W ln^OE00^ p11 + l n C y 1 ^ pM(t -1) 
-in(Y0)rw pM(t - 1). 
[ln(l + ¢)/(1 - P)] = [111(4)/(1 - P)] - [111(4)/(1 - P)] + [(3 111(^ )/(1 - P)2] 
_ [p ln(y°)/(l - P)2]. 
伞=In"1 {InCc10 - ln(c°0 + [p \n(yl)/(l - P)] - [p ln(y°)/(l - P)]}. 
Case B: 
U({c°t ( 1 + ^ 0 = 0 ( ( ^ ) ) ^1 ) , 
where c t represents the consumption in period t under the original tax rate x° and c°t 
represents the consumption in period t under the new tax rate T1. 
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For a = 1, 
r t =, pM ln[c°t(l + w = ru PM l n d ) . 
ln(l + (|))rw = r u pM \n(c\) - r u (3M ln(c0t). 
ln(l + (t>)E°°t=i pt_1 = [Smt==1 p " 111(0^ ) + r u ^ (3m InVt)] - [Em't=1 pM ln(c°t) 
+ r%m，+1 pM ln(c°t)], 
where m = Min(l”..，t,”.oo) when (y^m- y1) < O.OSy1 and (y'^m- y1) < 0.05?; m' 
=Min(l,."，t，“.oo) when (y\m ' - y°) < 0.05/ and (Y0c，m, - y°) < 0.05y°. y1 = p[(l - xl)A + (1-
5)] and y° = P[(l - T°)A + (1-5)]. 
Assuming the economy grows at y1 and y° after m and n respectively, 
ln(l + (jOrW pw = Emt=1 旷1 InCc^ ) - Em't=1 pM ln(c°t) 
+ r t = m + 1 pM k ^ w y . 1 ) ] - pt4 in[cV+1(y0)Hm'+1)]. 
ln(l + (|))rw 旷1 = Imt=1 旷1111(0^ )料 Sm't=1 pM ln(c°t) + InCcUi)!：00^!^1 
+ E ^ r 1 I n K y f ) ] - I n ^ . O I ^ H i P 1 " 1 
- N ^ K Y N . 
ln(l + (|))rw pt-1 = r w PM ln(dt) - S ^ t pM ln(c°t) + pm lnCcV.OE^p1"1 
+ pmln(r1)E^1(3t"1(t -1) ” pm' ln(二，+02:0%^1 
+ p W l n C ^ C k t - l ) . 
[ln(l + ¢)/(1 - P)] = S ^ j p1"1111(0¾ > pt'1 ln(c°t) + [pm - P)] 
+ ^ ( r H y 1 ) ) / ^ - P)2] ” [Pm，in(c�m+1)/(i - p)] 
-_m，ln(Y0))/(“pf]. 
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(|> 二 ^ { ( l - P)[Zmt=1 旷1111(夂）-2m't=i P“ ln(c°t)] + [pm - P"1' ln(c°m +1)] 
+ [p(pmln(YVpm ln(Y°))/(l - p)]}, 
t j J Q 十 t 
where {(c t)} t=i and {(c t)} t=i are found by computer simulation. 
Case C: 
where c°t represents the consumption in period t under the original tax rate x° and c°t 
represents the consumption in period t under the new tax rate t1. 
For a = 1, 
r u 旷1 ln[c°t(l + (|>)] = SVi 111((^ ). 
ln(l + (|))rw pM = r w pM InCc^ ) - r w pt_1 ln(c0t). 
ln(l + ( l o r u PH = r w pM lnWt) + S 0 0 ^ ! pt4 lnCc )^ - PM 
where m二 Min(l，…，t,…oo) when (y^m- y1) < 0.05/ and (ylc,m- y1) < O.OSy1. y1 
=P[ (L - T !)A + (1- 8)] and y° = |3[(I - T°)A + (1- 5)]. 
Assuming the economy grows at y1 after m, 
ln(l + (JOS; = Emt=1 pw lnCc^ ) + r W ^ 纩1 lnlc^.Ky1)^^] 
- r w p
t 4 \n[c0i(y°fll 
In(l + ( | ))ru 旷1 = r w pt-1 hi(c\) + InCcUoS^iP1-1 
+ rWn+1pt4 lnKy1)^1^ - lnCc0!)!^ pM 
ln(l + ^ r V i pM - 2mt=1 p1"1 ln(c1t) + pm lnCc^.OI^ir 1 
+ p " ^ 1 ) ^ ! ^ 1 ^ -1) - InCc'OE00 ,^ pM 
- i n ( / ) r w pM(t - 1). 
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[ln(l + ¢)/(1 - p)] = r w pt ! lnCc )^ + [Pm 111(0^^)/(1 - P)] 
+ [p(pm 111(^ ))/(1 - P)2] - [ln(c°0/(l - P)] - [P ln(y°)/(l - p)2]. 
<t> = ln'^Cl - P)[Smt=i PM + {3m lnCc1^!) + [p(pm 111(7 )^/(1 - P)] 
-111(^0 - [P ln(Y°)/(l - P)]}， 
1 m+1 • 





where c°t represents the consumption in period t under the original tax rate T° and C T 
represents the consumption in period t under the new tax rate x . 
For g^I, 







 = r w 
(1 + = [ r u ^ \ c \ y - y i i r t = 1 旷 W i . 
+ p W ] ， 
where m = 3Vlin(l5...,t,...oo) when (yYm- y1) < O.OSy1 and (y^m- y1) < O.OSy1; m, 
=Min(l,...,t,...oo) when ( y V - y°) ^  0.05y° and (y0c，m, - y°) ^ 0.05y°. y1 - p[(l - xl)A + 
(1- 5)] and y° 口 (3[(1 - x°)A + (1- 5)]. 
Assuming the economy grows at y1 and y° after m and n respectively, 
(1 + ^ - [ r w 旷乂心产 + r%m+1 p t - V n ^ Y f ) ) ’ / ^ ： 1 ^ (3^(0¾1^ 
(l + (j))1"=[smtH V t p + p^c1^)1-0 r t = 1 ^ W t n i ^ ^ 
+ P^cc^hi)1-0 r w � ( ( / m 
(1 + ^ = + r i c 1 ^ r v ! ^ ( y Y T v i ^ i r 1 ^ ) 1 " 
+ p ^ c U ^ r u ( p ( Y 0 ) H 
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(1 + ( | >产=P^! ^ V t ) 1 ” + ⑴“^糾产)/(1 - P1"1^)1"0 
+ 妒’(夂,+1产)/(1 -pCy0)1-0)]. 
• 二 {[RW p t - V T Y - C T + ( p i c W K i - p(y1)1-<T)]/[Em't=1 
+ � ' ( c U K l - PCy0)1-0)]}170^ -1， 
where {(c1^}^^ and {(c°t)}m +1t=i are found by computer simulation. 
Case B: 
where c°t represents the consumption in period t under the original tax rate T° and c°t 
represents the consunption in period t under the new tax rate x1. 
For or 关 1, 
2°°t=i P^KcVl + ¢))1 � 1 ] / ( 1 - a) - r v ! P^Kc^)1"0- 1]/(1 - a), 
r w pt_1(cQt(i + ^))1-0 - r w p^cc^)1-17. 
( i + 拟 1 ” = [ r w ^ w ^ / p r u 
( i + • 产 - [ r w pt-Vt 产 + p t - W u r w ^ ( c W y i , 
where m == Min(l”..，t”..oo) when (yVm-y1) < 0.05? and (y\,m- y1) < 0.05y\ y1 
=P[(l - T^A + (1- 5)] and y° = p[(l - T°)A + (1-5)]. 
Assuming the economy grows at y1 after m, 
(1 + ^ = [Smt=i 旷 V t ) 1 - � + r W i pt-1(c1m+1(y1)t-(^1))^]/poot=I 旷 W y Y 1 ) 1 - � ] . 
(1 + ( ^ y - ^ p ^ p t - W - + pVn^i)1"!：00^! p^arT)1! 
(1 + ^ = [ZMT=I PT-VT)1- + P^C 1 ^! ) 1 " 0 R V I (PCY1)1^-1] 
/[(c'O^r^CpCy0)1-^-1]. 
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(1 + ^ = [ Z ^ ! p t - V t )
1
- 。 + 『 ( c U O / G - 产)]/[(仏产)/(1 - P(r°) lCT]. 
伞 = { [ ^ , p t - 1 ( c 1 o 1 - c y + � ( ( ^ ^ / ( i - - p(Y°)’}1/(1-a) -1 , 
where {(c^)}^^! is found by computer simulation. 
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